




MATHEMATICS PERFORMANCE IN PUBLIC AND  
CATHOLIC ELEMENTARY SCHOOLS: 









Submitted in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy in Elementary Education  
in the Graduate College of the 









 Professor Sarah Lubienski, Chair 
 Professor Rochelle Gutierrez  
 Professor Chris Lubienski 
 Professor Joseph Robinson 
ii 
Abstract 
For several decades it has been a common belief that private schools do a better job 
of educating the nation’s children than do public schools.  Public Choice theorists in 
particular argue that public schools are inefficient and ineffective because they are 
accountable to bureaucracies, while private schools are superior because they are 
accountable to consumers and must strive for improvement in order to attract and retain 
students.  However, recent research has challenged this assumption, providing strong 
evidence that public elementary school students are making greater gains on mathematics 
assessments than their Catholic school peers, particularly in early grades.  This dissertation 
builds upon this research and examines possible explanations for this using the ECLS-K 
dataset.  Specifically, this study determines how public and Catholic elementary schools 
differ in several areas including school or class size, school climate, autonomy, parental 
involvement, teacher characteristics, and teaching practices.  The study then investigates if 
any such differences might explain why public school students make greater mathematics 
gains than Catholic school students between 1st and 3rd grades.  The study gives particular 
attention to teacher curricular focus, student subscale score performance, and the 
concentration of items in the ECLS-K mathematics assessment to determine if Catholic 
school students’ smaller mathematics test score gains might be explained by a mismatch 
between what students learn and what is tested.  Contrary to Public Choice Theory, 
findings indicate that public schools’ bureaucratic regulations for teacher education, 
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For several decades it has been a common belief that public schools are failing and 
that private schools do a better job of educating the nation’s children than do public 
schools (e.g. Fischer, 2008; see also Berliner’s analysis, 1993) .  In part this is due to the fact 
that public school students tend to have lower standardized test scores than private school 
students (Maga, 2010; Nation’s Report Card, 2007).  This belief that private schools are 
more effective has also come from the results of several research studies conducted in the 
early 1980s using the longitudinal High School and Beyond data.  Some people have 
interpreted this public-private achievement disparity as a sign of school quality rather than 
as a function of differences in student populations served by the different sectors. 
Some popular explanations for the private school advantage come from researchers 
who have touted private schools as model environments for learning and have given many 
reasons for why they are superior to public schools.  These reasons include suggestions 
that  Catholic schools have a more positive school climate than public schools and that 
Catholic school parents are more involved than their public school counterparts (Anderson 
& Resnick, 1997; Bryk, Lee & Holland, 1993; Choy, 1997; Kemerer, Martinez, Godwin & 
Ausbrooks, 1997; Muller, 1993).  Another explanation is that private high schools do better 
than public high schools because of their focus on core curriculum for all, communal 
organization, decentralized governance, and inspirational ideology (Bryk, Lee & Holland, 
1993).   
Arguments for the superiority of private schools also come from Public Choice 
theorists, who apply economic principles from the open market to people’s collective 
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decision making in sociopolitical realms such as education and health care (Mueller, 1996; 
Shaw, 2008).  They believe that, unlike private schools, public schools are bogged down 
with bureaucracy, lack incentives to innovate, and are not motivated to respond to 
demands for quality because they are not accountable to consumers (Chubb & Moe, 1990; 
Friedman, 1955). 
However, recent research has challenged past findings and cast doubt on the belief 
that private schools are superior to public schools.  Specifically, there is strong evidence to 
suggest that public elementary school students make greater gains on mathematics 
assessments than demographically similar Catholic school peers (Lubienski, Lubienski & 
Crane, 2008; Reardon, Cheadle & Robinson, 2009).  These findings challenge many of the 
previous assumptions about school effectiveness and led to many questions regarding why 
the latest research is not consistent with past studies and what might explain these 
findings. 
The Current Study 
This dissertation utilizes a recently released dataset called the Early Childhood 
Longitudinal Study (ECLS- K) to examine possible explanations for differences in student 
achievement by school sector.  This large-scale dataset is particularly well suited because it 
is nationally representative, longitudinal, and includes information from multiple sources 
including students, parents, teachers, administrators, and outside observers.  ECLS-K 
included a sample of over 20,000 children and followed them from their kindergarten year 
in 1998 through their 8th grade year. 
Many key decisions were made during the design of this study of school 
performance by sector.  Specifically, this study focuses on Catholic schools, mathematics 
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achievement, standardized test score gains, and a variety of possible explanatory variables 
related to school characteristics and practices.  Each of these choices merits some 
explanation. 
Focus on Catholic schools  
Although private schools are generally thought to be more effective than public 
schools, past researchers have focused on the characteristics of Catholic schools in 
particular, searching for explanations for their perceived superiority (Bryk, Lee & Holland, 
1993; Coleman, Hoffer, & Kilgore, 1982; Hoffer, Greeley, & Coleman, 1985; Raudenbush & 
Bryk, 1986).  One reason for this is that Catholic schools are the most prevalent type of 
private schools in the U.S. and are therefore relatively well represented in national 
datasets, including ECLS-K.  This dissertation builds upon the most recent research 
identifying a public school advantage over Catholic schools in early grades and examines 
possible explanations using the ECLS-K dataset. 
While the Catholic schools may not fully epitomize an open market situation 
because some parents choose them out of loyalty or religious reasons, these schools have 
increasingly been subject to competitive pressures due to declines in overall student 
enrollment, as well as increasing proportions of non-Catholic students enrolled (Baker & 
Riordan, 1998; McDonald & Schultz, 2010).  Hence, these schools often compete in the open 
market for students in order to survive, and if market theorists are correct, this 
competition should lead to innovation and improvement within these schools. 
Focus on mathematics achievement   
The goals of schooling are countless, and include not only academic objectives, but 
social ones as well (Darder, Baltodano & Torres, 2003; Gutierrez, 2002; Johnston, 1991).  
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Still, mathematics and reading are typically considered by the majority of society to be the 
fundamental subjects to know and are therefore what are most commonly used to measure 
a student’s or school’s success or failure.   In particular, mathematics is said to serve as a 
“critical filter,” or a gateway to many high-status occupations (Campbell, 1991; Moses, 
1994; Schoenfeld, 2004), as quantitative skills are crucial in such areas as commerce, 
medicine, technology and defense (National Mathematics Advisory Panel, 2008).  In 
addition, mathematics achievement is considered to be a better indicator of school effects 
because it is thought to be less influenced by family background and home effects than 
other subjects (Bryk et al., 1993. Heyneman, 2005).  Therefore, the research presented 
herein focuses on mathematics achievement as a measure of school effectiveness. 
Focus on standardized achievement tests score gains   
In the current school and policy environment, it is critical that reform measures and 
programs prove their effectiveness.  Success is almost always evaluated through student 
achievement as measured by standardized tests.  Those programs and schools that do not 
show results often lose support and funding and those that do show results are rewarded 
(Lubienski & Weitzel, 2008; Race to the Top, 2010; Sunderman, Kim & Orfield, 2005).   
While some measure a school’s effectiveness based on standardized test scores, others 
argue that assessments should cover a wider range of goals and outcomes.  For example, 
effective schools might be ones that build students’ awareness of inequities in society and teach 
them how they can work to eradicate them (Darder, Baltodano & Torres, 2003; Gutierrez, 2002).  
Another measure of effective schools is whether they teach a curriculum that reflects the cultures 
and identities of all students and do not just focus on “the experiences, realities, and aspirations 
of the white middle class” that is most prevalent in classrooms today (Beauboeuf-Lafontant, 
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1999, p.716).  Despite the many good arguments for broadening our assessment of student 
learning, it is difficult to deny the fact that standardized test scores, especially those for 
mathematics, hold high stakes for today’s students and schools .  Hence, I embark upon this 
study with an understanding that standardized mathematics scores are but one measure of 
student outcomes, but arguably a critically important measure for influencing and 
improving educational policy. 
However, even if standardized tests are believed to be a good measure of individual 
student achievement, a school’s success cannot be judged solely on raw student test scores 
because the student population in schools varies widely, and therefore students enter with 
a wide range of academic experiences and home resources at their disposal.  Accounting for 
differences in students’ academic backgrounds and home resources is necessary when 
determining how well a school or program is doing, but even this approach has its 
limitations because one can account for only those factors that can be measured.  However, 
given that it is impossible (and undesirable) to randomly assign students to schools across 
the country, the most common research approach is to compare students’ test scores while 
statistically adjusting for prior scores and other potentially confounding variables that can 
be measured.  That is the approach taken in this study of school effects using ECLS-K.  
However, this study goes one step further and explores possible explanations for 
differences in public and Catholic school mathematics gains. 
School and classroom characteristics examined   
Several explanations for the public school advantage in mathematics will be 
explored in this dissertation.  These include whether public schools have an advantage over 
Catholic schools in aspects such as school or class size, school climate, autonomy, parental 
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involvement, teacher characteristics, and teaching practices.  An “advantage” may be seen 
either through the greater prevalence of a variable that is positively correlated with 
achievement or the lesser prevalence of a variable that is negatively correlated with 
achievement. 
Structure of This Dissertation 
Chapter 2 delves into more detail regarding past studies on school sector 
differences as well as what the research says regarding key school and classroom 
characteristics in public and Catholic schools.  Chapter 3 describes the methods used in the 
current study, including the dataset, assessments, weights, control and explanatory 
variables, and statistical methods.  Chapter 4 provides a detailed account of the results of 
the analysis surrounding the various research questions.  Chapter 5 discusses the findings 
of the research in the context of previous research, addresses the limitations of this 
research, and considers implications of the findings as they apply to school improvement, 
policy decisions, and future research.  
Significance 
Many far-reaching, market-driven school reform initiatives have been based upon 
assumptions of private school superiority.  These policies affect millions of children and 
thousands of teachers in the United States.  Now that evidence has surfaced that common 
assumptions may be questionable, it is important to understand why.  This study will help 
determine which assumptions underlying reforms might be faulty and which hold up.  This 
dissertation specifically questions the assumptions underlying Public Choice theory as it 




Student Achievement by School Sector 
High School and Beyond  data 
In the 1980s, various researchers attempted to determine if Catholic or public high 
school students learn more.  However, in the past, private schools did not regularly release 
student test score data and often used different tests than public schools did, making 
comparisons very difficult (Shanker, 1993).  Therefore, the data most commonly used by 
researchers were from the High School and Beyond (HSB) study collected in 1980 with 
follow-up data collected in 1982.  Using these data, Chubb and Moe (1990) found that 
public schools were less effective than private schools.  They argued in their book that the 
most important factor that leads to effective organizations is school autonomy from 
bureaucratic influence.  James Coleman and his colleagues at the University of Chicago also 
analyzed the HSB data and found that Catholic school students specifically gained more 
ground than public-school students in reading, vocabulary, mathematics and writing 
(Coleman, Hoffer, & Kilgore, 1982; Hoffer, Greeley, & Coleman, 1985).  They, along with 
others who examined the same dataset, found that the Catholic school effect in this data set 
was larger for black and Hispanic students1, as well as for those from low socioeconomic 
backgrounds, indicating that these schools reduce the range of achievement across 
students (Bryk, Lee & Holland, 1993; Coleman, Hoffer, & Kilgore 1982; Hoffer, Greeley & 
Coleman, 1985; Raudenbush & Bryk, 1986).   
                                                 
1 I am using the terminology consistent with the ECLS-K.  
8 
These findings did not go without dispute.  Other researchers using the same 
dataset found a much smaller and sometimes negligible Catholic school advantage and 
criticized the previous author’s methods (Alexander & Pallas, 1985; Keith & Page, 1985; 
Shanker, 1993b; Wenglinsky, 2007).  Specifically, Chubb and Moe have been criticized for 
being partisan and ignoring data that contradicts their argument, not including adequate 
controls to account for students’ initial achievement, and ignoring the fact that Catholic 
schools use selection mechanisms for admission (Alexander & Pallas, 1985; Goldberger & 
Cain, 1982; Keith & Page, 1985; Shanker, 1993b).  Coleman et al. (1982) have been 
criticized for not including adequate controls in their regression models for initial student 
achievement and Catholic school selection mechanisms, and a reanalysis of the data 
correcting for this found no difference in achievement by sector (Noell, 1982).  Raudenbush 
and Bryk even criticize their own findings and concede that, while they found that Catholic 
schools do a better job of teaching lower SES students, their analyses were preliminary and 
they “need to undertake analyses that introduce more extensive controls at both the 
student and school levels” (p.13, Raudentbush & Bryk, 1986).  In a review of the 
aforementioned studies, Jencks (1985) concluded that evidence suggests a small positive 
effect on the performance for the average Catholic school student, and possibly a larger 
effect for disadvantaged students, though there was not enough evidence to be certain.   
Most recently, Altonji, Elder & Taber (2005) reanalyzed the NELS data using new 
estimation methods to account for unobserved or unobservable student and family 
characteristics and found that Catholic high school attendance led to higher graduation 
rates, and possibly college attendance rates, but not to higher test scores.   
9 
National Assessment of Educational Progress data  
More recently, researchers have begun using newly available data sets to examine 
public and private school differences in achievement.  One of these is the National 
Assessment of Educational Progress (NAEP) which is a cross-sectional dataset that is 
collected approximately every two to four years.  In the early 1990s the president of the 
American Federation of Teachers wrote a few opinion pieces regarding the recently 
released NAEP data and suggested that there may actually be no private school advantage 
when comparing students with similar family backgrounds who have taken similar courses 
(Shanker, 1993).  His claims were not backed by detailed analysis of the data and were 
never seriously considered until recently. 
While analyzing NAEP data for a mathematics education study not focused on 
public-private school comparisons, Lubienski and Lubienski (2005; 2006a) noticed that 
after controlling for a few basic student characteristics, the private school advantage in 
grades 4 and 8 disappeared, and even reversed in some cases.  In a more detailed 
examination, they found that 4th grade public school students outperformed 
demographically similar students in other school sectors in mathematics, and 8th grade 
students either outperformed or performed equally well compared with students in other 
types of schools (including Catholic, Lutheran, Conservative Christian, other private, and 
charter schools).  The schools with the lowest performance after controlling for 
demographic variables were Conservative Christian schools, followed by Catholic schools.  
These findings went against past results, and other researchers soon tried to verify or 
disprove the claims.  
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 While the Lubienskis’ findings were corroborated by a NAEP report (Braun, Jenkins 
& Grigg, 2006), they were criticized by Peterson and Llaudet (2006) for the dataset and 
methods used.  Peterson and Llaudet argued that relying on administrator reports of 
student characteristics can bias the results because private school managers are under no 
obligation to keep track of or report classifications and therefore likely to underreport the 
students in their schools who are disadvantaged.  Peterson and Llaudet (2006) then 
analyzed the same NAEP data using different measures of student characteristics in various 
models and found a small private school advantage in 4 th grade math scores and a larger 
one in 8th grade.  They, however, were criticized for excluding all administrator reported 
information, using ill-suited variables, failing to account for missing data, and producing 
weaker estimates of student achievement.  For example, one of the student-reported 
variables they used to account for SES was the parent’s education, which is known to be 
highly unreliable when reported by 4th graders and missing in a substantial number of 
cases (Lubienski & Lubienski, 2006b).  They also included students’ reports of the language 
spoken at home in place of the Limited English Proficiency variable reported by 
administrators.  This also is inappropriate because it includes many students who are 
bilingual and fluent in English rather than controlling for students who have trouble 
speaking English.    
Early Childhood Longitudinal Study data   
Results based on the HSB data have become dated and analyses using the NAEP data 
can provide only correlational findings.  In fact, researchers who have used the NAEP data 
to analyze sector differences have explicitly stated that due to its cross-sectional nature, 
one cannot make causal implications (Braun et al., 2006; Lubienski & Lubienski, 2006a; 
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Peterson & Llaudet, 2006).  The NCES report stated early on that “without further 
information, such as measures of prior achievement, there is no way to determine how 
patterns of self-selection may have affected the estimates presented” (Braun et al, 2006, p. 
v).  Fortunately, the recently released ECLS-K dataset is both large-scale and longitudinal.  
Peterson and Llaudet used heirarchichal linear models to analyze the ECLS-K data for 
public and private school effects and found that, for the average student, private schools 
had a significantly positive effect by 5th grade on reading performance but no effect on 
mathematics performance (Peterson & Llaudet, 2007).  Using the same dataset but 
examining Kindergarteners gains between the fall and spring semester, Carbonaro (2006) 
found that the average rate of learning in both math and reading was about the same for 
public, Catholic, other religious and secular private schools before accounting for student 
background variables.  Lubienski, Lubienski & Crane (2008) also confirmed using these 
data that non-Catholic private school students perform equally well in math as their public 
school peers.  Still, they along with Reardon, Cheadle and Robinson (2009), found that 
Catholic school students in particular fell behind on mathematics tests between 
Kindergarten and 5th grade as compared with their public school peers.  By the time they 
were in 5th grade, Catholic schools students were about half a year of schooling behind 
public school students with similar backgrounds.  Reardon, Cheadle and Robinson (2009), 
ran several models examining the data using different covariates and statistical methods.  
However, all of the models consistently showed that Catholic school students lost the most 
ground between the 1st and 3rd grades (see Figure 1)2.   
                                                 
2 In Figure 1, models 1-5 were done using linear regression with model 1 having no controls, model 3 
including a long list of covariates, and model 5 including market fixed effects.  Models 7-13 were done using 
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But what about the claim that private schools benefit disadvantaged students?  This 
question has also been examined using the recent ECLS-K data but findings have been 
inconclusive.  When examining private schools as a whole, Peterson and Llaudet (2007) 
found a positive private school effect on 5th grade reading skills for minority students as 
well as initially low performing students from low-socioeconomic status families, but no 
effect in mathematics.  Interestingly, they also found a positive public school effect in 
mathematics where white and Asian students as well as initially high performing students 
from high socioeconomic status families do better in public than Catholic schools, but no 
effect for other minority or socioeconomic groups.  In contrast, Reardon, Cheadle and 
Robinson (2009) and Carbonaro (2006) found no evidence that either Catholic or other 
private schools had differential effects compared with public schools on math skill 
development across student populations or locations.  The difference in findings could be 
explained in part by the sample studied, with Peterson and Llaudet not only grouping all 
private school students together, but also grouping all black, Hispanic and “other race” 
students together as compared with white and Asian students.   
Overall consensus 
While the findings from the 1980s indicate superior performance on the part of 
private and Catholic schools, recent findings seem to lead to the opposite conclusion.  
Interestingly, these findings do not necessarily conflict with one another.  In addition to the 
fact that the HSB data is decades old, another key difference between this data and the 
more recent NAEP and ELCS-k data is that the HSB examined high school outcomes, while 
the recent research primarily examined grade school performance.  Therefore, it is possible 
                                                                                                                                                             
propensity score matching, with models 7 and 9 using national propensity score matching and models 11 and 
13 using within-market propensity score matching.   
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that there are differences in private school outcomes based on the grade-level of students.  
The NAEP findings actually seem to hint at this, with the 8th-grade results showing a 
smaller public school advantage than the 4th-grade results (Lubienski, Lubienski & Crane, 
2008).  Another possibility is that over time, one school type has become more or less 
effective in teaching various subjects due to shifts in structure, culture, or teaching 
practices.  Finally, it is possible that test questions on recent assessments have shifted to 
reflect the Standards (NCTM 1989; 1991; 2000), and public school teachers, who are more 
often are held accountable through high stakes testing, have altered their curriculum and 
instruction methods to match these changing assessments.  
All of the studies seem to agree that data indicate no advantage for public school 
students in reading, and possibly a disadvantage.  At the same time, researchers have found 
that Catholic elementary school students in particular test lower in mathematics than their 
demographically similar public school peers.  Even researchers who generally argue for 
private school superiority concede that private schools as a whole exhibit no advantage 
when it comes to elementary school mathematics learning (Peterson & Llaudet, 2007). 
Explaining the Public School Mathematics Advantage 
 There are many possible explanations for the difference in mathematics scores 
between public and private elementary school students.  Differences in school and class 
sizes, teacher characteristics, school climate, parental involvement, teacher autonomy, and 
teaching practices are among the possible explanations for why public grade school 
students appear to gain more ground in mathematics compared with their demographically 
similar private school peers.  Another possibility is that recent assessments have shifted 
the focus of what content or types of learning (e.g., conceptual understanding versus 
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procedures) they test for, and these assessments more closely match what is currently 
taught in public school.   
The remainder of this chapter will examine what current research suggests as to the 
possible relationship between the areas listed above and student achievement, as well as 
what is known about how public and private schools compare in these areas.  
School size 
Relationship between school size and achievement.  In the past, researchers have 
argued for large, comprehensive schools for several reasons, including the variety of 
classes that can be offered, the increased specialization of teachers, and decreases in costs 
due to economies of scale (Conant, 1959).  However, their models have been criticized for 
failing to account for student ability (Borland & Howsen, 2003).  Since this time, there has 
been a lot of research finding that smaller schools are more effective (Darling-Hammond 
2000).  Because of this, there has been a recent push towards smaller schools, which 
proponents have argued have healthier school cultures, including fewer discipline 
problems, more leadership opportunities, and enhanced interpersonal relationships (Bryk 
& Schnieder, 2002).   
Recent research findings regarding the ideal elementary school size have generally 
found that there is either a nonlinear relationship between school size and achievement, or 
that small schools are more beneficial for some types of students.  Kuziemko (2006) 
examined shocks to student enrollment, such as school merges, to determine the effect of 
school size on achievement using over 10 years of data from Indiana elementary schools.  
Her findings suggested that reducing school size increased average daily attendance rates 
as well as standardized math scores.  Lee and Loeb (2000) found similar results when they 
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examined data from 5000 6th and 8th grade teachers in inner-city Chicago schools.  They 
found that teachers in schools with fewer than 400 students were more willing to take 
responsibility for their students’ learning, and that mathematics scores increased more for 
students in smaller schools.  Howley and Bickel (1999) found a more complex relationship 
between school size and student outcomes.  They examined grade school and high school 
data from the Matthew Project in four states and found that most of the evidence suggested 
smaller schools were more effective in increasing student sco res in impoverished 
communities, and that the relationship between socioeconomic status and achievement 
was weaker in smaller schools.  However, they also found that larger schools were more 
effective in affluent communities.  These results do not contradict Lee and Loeb’s findings 
because the sample of students in Lee and Loeb’s analysis consisted mostly of lower 
income students and therefore a finding that smaller schools are more effective actually 
confirms Howley and Bickel’s findings.  Borland and Howsen (2003) examined data from 
over 31,000 3rd grade students in Kentucky and found that there was a non-linear 
relationship between school size and achievement test scores, with an optimal school size 
being 760 students.  Their study did not examine interaction effects, however, but rather 
controlled for student ability in their models.  Finally, Leithwood and Jantzi (2009) 
conducted a review of 57 post-1990 studies and also found that the research favors smaller 
elementary schools, specifically those with 500 students or fewer, and that students from 
more disadvantaged backgrounds do better in even smaller schools, with 300 or fewer 
students.   
Overall, recent studies seem to indicate that there is possibly a nonlinear 
relationship between school size and achievement, with an ideal school size of between 
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500 and 760 students for the average elementary school.  On the other hand, those that 
have examined interactions with student backgrounds have found that students from lower 
income backgrounds tend to do better in smaller schools.  
School size differences by sector.  Available research regarding differences in 
school size by sector indicates that private schools tend to be smaller than public schools 
(Anderson & Resnick, 1997; Choy, 1997).  In fact, Choy (1997) found that public 
elementary and high schools tend to be at least twice the size of private schools across 
community types.  The average elementary school in a city or large town had an enrollment 
in the lower 500s, while the average private school in these areas had about 200 students.  
Similarly, rural public schools had about 380 students compared with about 110 students 
in rural private schools (Choy, 1997).   
The findings on the effect of school size on student achievement by sector suggest a 
complex relationship.  It appears that neither public nor Catholic schools have a school size 
that would be ideal to the types of students they more often serve.  Catholic school students 
tend to serve a higher income population of students who, researchers have found, benefit 
most from average or larger school sizes (between 500 and 760), yet these schools on 
average have about 200 students in most areas.  On the other hand, public schools serve a 
more diverse student population, including students from less advantaged backgrounds 
who, research suggests, would be better served by smaller schools, yet they have larger 
school sizes on average.  Therefore, models accounting for school size may not indicate that 
either school is benefiting significantly due to this variable.  Still, it is worth examining the 
differences and if school size might at least partially explain public-Catholic school 
disparities in early mathematics achievement gains.        
17 
Class size 
Relationship between class size and achievement.  The question of the effect of 
class size on student achievement is hotly debated, with no clear consensus.  Some 
researchers have found no connection.  For example, one economist found no connection 
after examining 4th and 6th grade student data from over 600 elementary schools from 
1986-1998 (Hoxby, 2000).  Another well-known economist, Eric Hanushek, came to the 
same conclusion in his much-cited meta-analysis of almost 400 studies where he found that 
only 15% of the studies found a positive and statistically significant relationship between 
class size and achievement, while 13% found a statistically significant negative relatio nship 
(Hanushek, 1997).  However, his findings have not gone unchallenged, and many have 
criticized his “vote counting” method of synthesizing the research as being misleading and 
unsound (Greenwald, Hedges & Laine, 1996; Krueger, 2002).  In fact, when some 
researchers have reanalyzed the same studies used by Hanushek in his synthesis, but using 
more current and sensitive methods of meta-analysis, they have found that the relationship 
between class size and student outcomes is negative and large enough to have important 
implications for educational policy (Greenwald, Hedges & Laine, 1996; Hedges, Laine, & 
Greenwald, 1994; Krueger, 2002). 
The data that has been most commonly used to examine the relationship between 
class size and performance comes from Project STAR (Student/Teacher Achievement 
Ratio) which began data collection in public schools in 1985.  This data is particularly 
valuable because it is not only longitudinal, but based on an experimental design where 
students were randomly assigned to different class size conditions over a four-year period 
from kindergarten through 3rd grades.  Using these data, researchers found that smaller 
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class sizes did in fact lead to positive student outcomes, and that the advantages associated 
with smaller class sizes continued through high school graduation.  They also found that 
smaller class sizes might reduce gender and racial achievement gaps (Nye, Hedges & 
Konstantopoulos, 2004; Finn, Gerber & Boyd-Zaharias, 2005; Konstantopoulos, 2008; 
Mosteller, Light & Sachs, 1996; Nye, Hedges & Konstantopoulos, 2004).  However, results 
from the STAR data have been questioned for several reasons, including having high 
attrition rates, nonrandom selection of schools, and the fact that administrator, teachers, 
students and parents were aware of what condition participants were assigned to (Milesi & 
Gamoran, 2006).  Using a different set of data from the Schools and Staffing Surveys (SASS), 
Darling-Hammond (2000) also found a moderate association between smaller classes and 
high achievement.  In an interesting twist, Borland, Howsen and Trawick (2005) found a 
nonlinear relationship between 3rd grade class size and student achievement, with an 
optimal class size falling between 21.3 and 22.56 students.  To further confound the issue, 
Lazear (2001) found that the optimal class size depends on the behavior of the students, 
with well-behaved students actually benefiting from larger class sizes, while other research 
has contradicted this, finding that initially higher-achieving students actually benefit more 
from small class sizes than lower-achieving students (Konstantopoulos, 2008).  Finally, a 
study done using the ECLS-K data from the Kindergarten year found no impact of class size 
on kindergartener’s mathematics or reading achievement regardless of student 
background (Milesi & Gamoran, 2006).  
The best conclusion that can be drawn from these findings is that the relationship 
between class size and student achievement is highly complex and difficult to determine.  
One reason for null findings in some studies could be due to teachers teaching differently 
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depending on class size.  Some researchers have found that, while teachers report that they 
provide individualized and higher quality instruction when given smaller class sizes, 
classroom observations do not support this perception (Evertson & Folger, 1989).   Other 
researchers have reported that teachers of smaller classes spend less time dealing with 
discipline and classroom management and more time on instruction (Finn, Pannozzo, & 
Achilles, 2003).  Another explanation for the lack of connection between class size and 
student achievement could be that teachers may respond to larger class sizes by utilizing 
reform-oriented methods such as peer tutoring, others may respond by increasing amounts 
of drill and practice.  In addition, some teaching practices may be more effective in certain 
class sizes.  Qualitative research studies may be better suited to answer some of these 
questions.   
Class size differences by sector.  Researchers have found that private schools as a 
whole tend to have smaller class sizes than public schools, though the magnitude of the 
difference is not clear (Anderson & Resnick, 1997; Gruber, Wiley, Broughman, Strizek, & 
Burian-Fitzgerald, 2003; Xu & Gulosino, 2006).  Data from the 1993-4 NCES Schools and 
Staffing Survey indicate that the average public school class size was 23.2 students, while 
the average private school class size was 19.6 (Anderson & Resnick, 1997).  However, 
Anderson and Resnick report a trend among public school towards smaller class sizes, and 
more recent data from the 2007-8 Schools and Staffing Survey show that traditional public 
school elementary classrooms have 20.3 students on average, while Catholic school 
classrooms have 20.8 students (NCES, 2009).  Xu and Gulosino (2006) examined ECLS-K 
data from the kindergarten cohort and found similar results; namely that the average 
public school class size was slightly larger (20.64) than the average private school class size 
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(19.36).  Interestingly, within the private sector there are large differences in mean class 
size; with other religious private school classrooms averaging 15.2 students and 
nonsectarian private school classrooms averaging 17 students (NCES, 2009).  This same 
pattern was observed when examining high school data from 1980 (Coleman, Hoffer & 
Kilgore, 1982).  This indicates that one cannot simply group all private schools together 
when analyzing data on class size because there appears to be a large amount of variation 
in class size across different types of private schools. 
 For the most part, researchers tend to agree that smaller class sizes are beneficial, 
or at the very least not harmful to students.  While research suggests that Catholic schools 
may have larger class sizes than public schools, most studies have grouped Catholic schools 
together with other private schools and found smaller class sizes, so results are unclear.  
This study will both shed further light on whether public or Catholic schools have smaller 
class sizes and also examine if this variable helps to explain the difference in mathematics 
test scores by sector.  
Teacher characteristics 
Teacher certification.  
Relationship between teacher certification and achievement.  Debates over the 
importance of teacher certification have been heated, with both sides arguing that research 
is on their side (Darling-Hammond, Berry & Thoreson, 2001; Goldhaber & Brewer, 2001).  
Several studies using elementary school data have in fact found a connection between 
teacher certification and student performance.  Lubienski, Lubienski and Crane (2008) 
found using 4th and 8th grade NAEP data that teacher certification was positively correlated 
with student achievement after controlling for other variables, but the direction of 
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causation could not be determined due to the cross-sectional nature of the data.  In fact, 
other researchers have found that teachers with stronger credentials tend to be matched 
with more advanced students (Clotfelter, Ladd & Vigdor, 2006).  Therefore, when 
examining teacher characteristics, it is important to account for prior student achievement.  
When Clotfelter, Ladd and Vigdor (2007) examined 3rd through 5th grade longitudinal data 
from North Carolina, they found that teachers with provisional, temporary and emergency 
licenses had students who made smaller gains than those with teachers who held regular 
licenses.   
On the other hand, recent research in the early elementary grades regarding the 
effect of teacher certification has often found no relationship between teacher certification 
and student achievement.  For example, using either kindergarten and/or 1st grade ECLS-K 
data, several researchers have failed to find a relationship between teacher certification 
and student test score gains (Croninger, Rice, Rathbun & Nishio, 2007; Guarino, Hamilton, 
Lockwood & Rathbun, 2006; Xu & Gulosino, 2006).  Part of the reason for this may be due 
to the fact that quality of teacher certification programs varies greatly.  Another 
explanation for the lack of relationship may be that the importance of teacher certification 
depends on the mathematics being taught and therefore the grade level of the students.  Or 
perhaps our ability to see the effect of teacher certification depends on the extent to which 
other factors might get in the way, including difficulties of accurately assessing very young 
children (e.g. at Kindergarten), or the effects of other issues that come into play in middle 
school, such as the effects of homework and peers on students’ performance.  Regardless, it 
is not yet known what current longitudinal data might reveal regarding the effect of 
teacher certification from 1st through 3rd grades.  
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Teacher certification differences by sector.  Unlike public schools, private schools are 
not required to hire certified teachers, and therefore employ a smaller percentage 
(Anderson & Resnick, 1997; U.S. Department of Education, 2004; Xu & Gulosino, 2006).  For 
example, according to 2003 NAEP data, 89% of public 4th grade students had certified 
teachers while only 75% of Catholic and 44% of conservative Christian private 4th grade 
students did (Lubienski, Lubienski & Crane, 2008).  Analysis of the ECLS-K Kindergarten 
data indicated that while 89% of public school teachers had full certification, only 71% of 
Catholic school teachers did (Germino-Hausken, Walston & Rathbun, 2004).  Overall, the 
research generally indicates that teacher certification is beneficial to student outcomes in 
the upper elementary grades, but no relationship was found in the earliest grades.  The 
question regarding the effect of teacher certification from 1st through 3rd grade still needs 
to be answered.  Given the larger percentage of public school teachers who are certified 
and the fact that when a relationship between certification and achievement is found, it is 
always positive, it is possible that certification might help to explain the better 
performance of public school students compared to their demographically similar private 
school peers. 
Teacher education.    
Relationship between teacher education and achievement.  Definitions of teacher 
education can vary widely, and encompasses factors such as scores on knowledge tests, 
coursework taken, schools attended, and highest degree achieved.  Overall, r esearch tends 
to show that teachers who score well on knowledge tests, have taken more coursework, 
and have attended top colleges have students who perform better (Monk, 1994; Mullens, 
Murnane & Willett, 1996; Wayne & Youngs, 2003; Xu & Gulosino, 2006).  Most recently, 
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research has suggested that teachers’ “mathematical knowledge for teaching”, or the 
specific knowledge that teachers need in order to carry out the work of teaching 
mathematics, is significantly related to student test score gains in the early grades (Hill, 
Rowan & Ball, 2005).  However, the variable available in the ECLS-K dataset that will be 
used in this study is the highest degree achieved, which is by no means a precise measure 
for mathematical or pedagogical knowledge.  Research regarding a teacher’s highest degree 
achieved has been mixed, particularly in the early grades.  Some studies from these grades 
indicate that there is no relationship between degree and achievement (Croninger, et al. 
2007; Stuhlman & Pianta, 2009; Xu & Gulosino, 2006), while others using the longitudinal 
Prospects data, as well as the data from North Carolina have even found a negative 
relationship between teachers with advanced degrees and student mathematics 
achievement gains (Clotfelter, Ladd & Vigdor, 2007; Rowan, Correnti & Miller, 2002).    
Teacher education differences by sector.  Private school teachers on average are less 
likely to have obtained a graduate degree than public school teachers (Anderson & Resnik, 
1997; Xu & Gulosino, 2006).  For example, examination of the ECLS-K Kindergarten data 
indicated that, while 32% of public school kindergarten teachers had a master’s degree or 
higher, only 18% of private school teachers did (Germino-Hausken, Walston & Rathbun, 
2004).  In addition, about 80% of Catholic school teachers held a bachelor’s degree or less, 
while only about 62% of public school teachers reported this.  Still, these results were 
based on Kindergarten teachers so further research is needed in this area.  
It seems sensible to believe that having more highly educated teachers would be an 
advantage for public schools.  However, given that teacher education is not conclusively 
related to student achievement, and that higher degrees have even been found to be 
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negatively related, it is possible that having a smaller percentage of teachers with advanced 
degrees may pose no disadvantage for Catholic schools.  This study will first examine 
whether Catholic schools follow the same trend as other private schools of having teachers 
with lower levels of education, and then examine whether any differences found help to 
explain differences in student mathematics achievement gains.  
Professional development.  
Relationship between professional development and achievement.  Researchers 
acknowledge that it is generally difficult to examine the impact of various forms of 
professional development on student achievement because of the wide variety 
development offered (Loucks-Horsley & Matsumoto, 1999).  Still, there has been some 
evidence that professional development can improve teaching practices and affect student 
achievement positively in mathematics (Carpenter, Fennema, Peterson, Chiang, & Loef, 
1989; Hill, Rowan & Ball, 2005).  Specifically, Croninger and others (2007) examined 1 st 
grade ECLS-K data and also found that teachers who had taken more mathematics courses 
had students with higher mathematics gains by the end of first grade.  On the other hand, 
two recent studies examining teacher behavior as a result of professional development in 
mathematics instruction found that teaching practices did not change drastically.  A 
qualitative case study of three sixth-grade teachers who were struggling to learn new 
instructional materials related to state-mandated curriculum found that, in contrast to 
teachers’ perceptions that their instructional practices had changed drastically, there was 
actually minimal evidence of that change in observational data (Obara & Sloan, 2010).   
Another large-scale study using an experimental design with random assignment of 77 
schools to treatment or control conditions concluded that the professional development 
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program they implemented  did not have a statistically significant impact on 7th grade 
teachers’ use of representations or activities that focus on mathematical reasoning (Garet, 
Wayne, Stancavage, Taylor, Walters, Song, Brown, Hurlburt, Zhu, Sepanik & Doolittle, 
2010).  Still, findings indicated that teachers who had received the professional 
development did more frequently engage in activities that elicit student thinking.    
Professional development differences by sector.  Using data from the Schools and 
Staffing Survey (SASS) from 1999-2000, Gruber and colleagues (2002) found that 59.3% of 
public school teachers reported participating in professional development in a given year 
while only 43.1% of private school teachers did.  Findings from the 2003 NAEP data broken 
down by school type also confirm that public school teachers received more professional 
development than Catholic, Lutheran, Conservative Christian and other types of private 
school teachers. (Lubienski, Lubienksi & Crane, 2008).  These studies indicate that the 
greater levels of professional development that public school teachers receive may explain 
some of the differences in student mathematics achievement gains between Catholic and 
public school students.   
Teacher experience.   
Relationship between teacher experience and achievement. A large-scale study 
examining the ECLS-K Kindergarten data did not find a significant relationship between 
teacher experience and student achievement (Lubienski, Lubienski & Crane, 2008; Guarino, 
et al. 2006).  Another study using direct observation of over 800 1st grade classrooms also 
found little impact of teacher years of experience on teacher quality (Stuhlman & Pianta, 
2009).  Still, many other studies have found a relationship.  For example, one study of over 
30,000 3rd grade students in Kentucky found that teacher experience is positively related to 
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student outcomes (Borland & Howsen, 2003).  In addition, a meta-analysis of 60 studies 
conducted by Greenwald, Hedges and Laine (1996) found evidence of this relationship.  
However the methods used were criticized by Hanushek (1996) for having a flawed 
statistical approach and being based on a highly selected and biased sample.  Finally, while 
Clotfelter and colleagues (2007) found a significant positive effect of teacher experience on 
student’ mathematics gains, they also found a nonlinear relationship.  They concluded that 
teacher experience had a positive linear relationship with student achievement gains until 
27 years of experience, but then decreased.  They also noted that new teachers in their first 
or second year did a particularly poor job, as did another study of Texas elementary school 
students (Rivkin, Hanushek & Kain, 2005).  While another examination of the 2003 4th and 
8th grade NAEP data also found a negative coefficient for the relationship between new 
teachers and student achievement, the results were not significant.  However, the lack of 
result could be attributable to the fact that the new teacher variable available encompassed 
teachers with 4 or fewer years of experience, as well a the fact that teacher data was 
aggregated to the school-level, which further dilutes the relationship between teacher 
experience and student outcomes.  If there is in fact a nonlinear relationship, with the 
newest and the most veteran teachers having students who score more poorly than 
expected, this could explain the differences in findings in the many studies that assume a 
linear relationship.   
Teacher experience differences by sector.  No conclusive evidence was found 
regarding possible differences in teaching experience between public and private schools, 
though what research is available indicates that there may be a dichotomy.  While 
Anderson and Resnick (1997) found that private school teachers are generally less 
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experienced than public school teachers, Xu and Gulosino (2006) found using ECLS-K data 
that kindergarten private school students on average had a teacher who was slightly older 
(43.57) than a public school student’s teacher (42.84).  Data from the SASS on the other 
hand indicate that the mean ages of public and private school teachers are about the same, 
though the median age of public school teachers is higher than that of private school 
teachers.  Looking at the categories, however, it is evident that private schools employ a 
higher percentage of younger (< 30 years) as well as older (> 55 years) teachers by about 
2.5% more on either side (Guarino, et al. 2003).  NAEP data also indicate that all types of 
private schools except for Lutheran schools employ more novice teachers than public 
schools (Lubienski, Lubienski & Crane, 2008).  Given findings that novice teachers tend to 
be the least effective in raising student performance, the larger percentage of younger, and 
therefore likely less experienced teachers in private schools might be part of the reason for 
the sector differences noted. 
School climate  
School Climate can be summarized as encompassing the subjective experience of 
school (Cohen, 2006).  This includes such things as the environment, safety, relationships, 
and teacher and student morale.  
Relationship between school climate and achievement.  As common knowledge 
would suggest, school climate does seem to influence student outcomes (Sweetland & Hoy, 
2000).  In their book Catholic Schools and the Common Good, Bryk, Lee and Holland (1993) 
analyzed the HSB data and concluded that one of the main reasons for Catholic schools’ 
success was their strong sense of community, which includes such factors as shared values 
and faculty collegiality.  A decade later, Bryk and Schneider (2002) conducted a large-scale 
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longitudinal analysis of the restructuring efforts in the Chicago Public Schools and found 
strong statistical evidence linking relational trust, or the social relationships betwe en 
parents, teachers, and administrators, to improvements in academic productivity, 
particularly for math scores.  They found that good interpersonal relationships between 
members of the school community and shared beliefs and values combine to promote goo d 
teaching and a positive learning environment (Bryk & Schneider, 2002).  Other studies 
have also found that there is a direct relationship between faculty trust in students and 
parents and higher student achievement (Goodard, Tschannen-Moran & Hoy, 2001; Hoy, 
2002 in Hoy, Tarter & Woolfolk-Hoy, 2006).  In addition, teacher morale has been found to 
be positively associated with student achievement, while student conflicts are negatively 
associated (Lubienski, Lubienski & Crane, 2008).   Peer influences also  affect students’ 
outlooks on achievement and the degree to which they become involved in academic 
activities (Becker & Luthar, 2002; Horvat & Lewis, 2003; Wentzel & Caldwell, 1997).  
School climate differences by sector.  While researchers have found that private 
high schools tend to have more positive climates than public ones, little research has been 
done specifically comparing school climate in public and private elementary schools (Bryk 
et al. 1993; Choy, 1997).  What has been done indicates that private elementary schools 
also tend to have a better school climate than public schools.  For example, private school 
teachers report a greater sense of community in their schools, more support and control 
over discipline measures, and more freedom to choose teaching materials (Anderson & 
Resnick, 1997; Kemerer, Martinez & Godwin, 1996).  Another measure of school climate 
that favors private schools is student satisfaction and behavior.  Private elementary and 
middle school students tend to claim higher levels of satisfaction with their school climate 
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and more fondness of their classmates and teachers than public school students (Godwin, 
Kemerer & Martinez, 1997; Kemerer, Martinez & Godwin, 1996).  In addition, fighting 
amongst students has been found to be more of a problem in public elementary and middle 
schools than in private schools (Kemerer et al. 1997).  However, researchers have also 
found that school climate has a positive relationship with the socioeconomic status of the 
students in the school (Goodard, Tschannen-Moran & Hoy, 2001), and cross-sectional 
analysis of the 2003 NAEP data suggest that the more advantaged demographics in private 
schools might explain their more positive school climates (Lubienski, Lubienski & Crane, 
2008).  Benveniste, Carnoy and Rothstein (2003) also found that differences in school 
climate and practices might be related more to social class than school sector, but their 
analysis was based on case studies and was not conducted on a representative sample of 
U.S. schools.  Further research using larger and nationally representative datasets is 
needed in order to determine if adjusting carefully for school composition would wipe out 
the apparent advantages that Catholic schools seem to have in these areas.   
Given the findings that school climate, which has been linked with student 
achievement, is either the same or possibly more positive in Catholic schools than in 
demographically similar public schools, it is unclear whether this would help explain the 
public school advantage.   
Parental involvement 
Relationship between parental involvement and achievement.  Most studies of 
parental involvement indicate that certain types are more beneficial than others, though 
findings have been mixed.  For example, many studies have found that parental 
involvement within schools, such as attending conferences, and volunteering, was 
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significantly associated with achievement (Barnard, 2004; Comer, 2005; Lee & Bowen, 
2006; Sheldon & Epstein, 2005).  On the other hand, Domina (2005) found a positive 
relationship between parental involvement in PTA meetings and volunteering outside the 
classroom and student achievement, but the effect went away after controlling for prior 
student achievement.  However, he did concede that the measures of parental involvement 
used were not very precise, and only examined whether parents were involved in various 
activities at all during the school year, but not how often.  Still, others have not found this 
connection (Domina, 2005).   
On the other hand, parental support at home, such as helping with homework, 
discussing educational topics, and managing children’s activities, has not genera lly been 
found to be related (Barnard, 2004; Domina, 2005; Fan & Chen, 2001; Lee & Bowen, 2006), 
and has even been found to be negatively related, which might only indicate that struggling 
students tend to get more help at home (Domina, 2005; Henderson & Mapp, 2002).  For 
example, when examining parents’ involvement in schools, one study found that while 
participation in parent-teacher conferences, open houses and PTA meetings was strongly 
associated with student achievement, parents volunteering in the schools was not 
correlated with achievement at all (Lubienski, Lubienski & Crane, 2008).  Still, these results 
were obtained from examination of cross-sectional data where prior student test scores 
were not available.  Hence, further research that accounts for student’s prior achievement 
is needed.   
Parental involvement differences by sector.  Catholic school parents tend to be 
more involved than their public school counterparts (Kemerer, et al, 1997; Muller, 1993).  
This involvement takes many forms, both inside the school and out.  Within the school 
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researchers have found that urban Catholic school teachers generally had more support 
from parents because the parents believed the teachers would act morally and trusted their 
intentions (Bryk, et al., 1993).  Catholic school parents have also been found to 
communicate more with teachers, volunteer more and participate in parent-teacher 
organizations more often than public school parents (Kemerer, et al. 1997; Muller, 1993).  
Parents of Catholic school students have also been found to be more involved with their 
children’s academics, and ensure that they attend classes, do their homework and behave 
according to school rules (Bryk, et al. 1993).  As with school climate, however, evidence 
suggests that parental involvement may have more to do with the social class of the 
parents than with school sector, and researchers have found that after controlling for 
socioeconomic status, parental involvement is not more frequent in private schools 
(Rothstein, Carnoy & Benveniste, 1999).  Overall, findings suggest that parental 
involvement is either the same or possibly more positive in private schools than in 
demographically similar public schools, so it is unlikely that this explains the public school 
advantage.  Still, it is worth exploring whether parental involvement does correlate with 
mathematics achievement gains after controlling for demographics, and whether this is an 
advantage for Catholic schools. 
Autonomy 
 Relationship between autonomy and achievement.  School autonomy is generally 
defined as the amount of decision making authority principals and teachers have in 
schools.  Research regarding the relationship between school and teacher autonomy and 
student outcomes is less prevalent.  In the seminal study of this topic, Chubb and Moe 
(1990) examined the HSB data and found that the more autonomous a school was the more 
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effective was its organization. In fact, they argued that the most important factor in 
effective schools is school autonomy, particularly freedom from bureaucratic influences.  
Still, recent high quality research has not been done on this topic to determine the effects of 
different types of autonomy in school and their relationship to student achievement.  
Hence, it is worth examining how school autonomy might relate to differences in 
mathematics gains between public and Catholic school students.   
 Autonomy differences by sector.  General consensus is that public schools are less 
autonomous than private schools, as has been found in past research (Alt & Peter 2002; 
Chandler 1999).  Chubb and Moe examined the influence that public school principals had 
over hiring and firing, curriculum and instruction methods, and discipline and found that 
principals reported having little control over these.  On the other hand, Bryk, Lee and 
Holland (1993) found that Catholic school principals see themselves as being the primary 
decision makers in most areas of schooling, including curriculum, hiring and firing 
teachers, setting admissions, criteria, setting school goals, and suspending students.  
Private school teachers also reported a lot of autonomy in the classroom, with over 95% of 
the teachers surveyed reporting that they have considerable control over their own 
teaching.  They explain that the difference in autonomy between the sectors stems from the 
fact that “the external regulatory shell is substantially thinner for Catholic school 
principals, who, as a result, enjoy considerably more autonomy over school matters” 
(p.308). 
Teaching practices 
 The past few decades have been a time of gradual shift in the way mathematics is 
taught due primarily to the suggestions outlined by the Standards documents issued by the 
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National Council of Teachers of Mathematics (NCTM, 1989; 1991; 2000).  The suggestions 
outlined in the Standards include emphasis on learning through problem solving, use of 
real world problems, student-centered instruction, cooperative learning, and reduced 
emphasis on pencil and paper computation in favor of estimation and calculator or 
computer use.  These recommendations have been strongly opposed by those who have 
come to be known as traditionalists, and the resulting conflict has been called the “math 
wars” due to the heated nature of the debates (Klein, 2007; Schoen, 1999; Schoenfeld, 
2004).  
Relationship between teaching practices and achievement.  Much research has 
been done regarding the relationship of teaching practices and achievement, and reformers 
usually argue that research is on their side, and that “where relevant research exists, the 
Standards are consistent with the evidence,” (Hiebert, 1999, p. 4).  Most mathematics 
education researchers who have studied the topic have found positive outcomes when 
students are taught using the reform-oriented methods, some even using quasi-
experimental matched comparison groups to examine the effects of Standards-based 
mathematics programs such as Everyday Mathematics and Connected Mathematics as 
compared to traditional programs (Riordan & Noyce, 2001; Senk & Thompson, 2003).  Still, 
traditionalists are suspicious of that research, believing it to be biased because it is mostly 
conducted by those in the education community who themselves favor the reform methods 
(Garelick, 2005).   
Part of the problem is that there does not seem to be sufficient evidence to fully back 
any particular method under all circumstances because most outcomes are influenced by 
more factors than can be identified, let alone controlled for (Ball, 2003; Ball, Ferrini-Mundy, 
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Kilpatrick, Milgram Schmid, & Scharr, 2005; Hiebert, 1999; NRC, 2004).  Neither of two 
recent reports that synthesized the research on teaching practices had conclusive findings.  
The first, a report by the National Science Foundation entitled On evaluating curricular 
effectiveness: Judging the quality of K-12 mathematics evaluations, examined the evaluation 
studies relating to thirteen National Science Foundation projects and six commercial 
textbooks could not “determine the effectiveness of individual programs with a high degree 
of certainty” due to factors such as the limited array of methods used, and the uneven 
quality of the studies (NRC, 2004).  The second, a report by the National Mathematics 
Advisory Panel (2008) concluded that “even when examining high-quality studies, 
considering context is crucial to properly interpreting results.  In other words, some 
approaches may be shown to be effective, but confidence in their effectiveness is only 
warranted under specified conditions” (p.4-31).   
The National Mathematics Advisory Panel (2008) looked specifically at the different 
practices suggested by the Standards and found that while some practices, such as student-
centered instruction, had inconclusive findings, many others, such as cooperative learning, 
peer tutoring, use of real-world problems and calculator use, seem to be effective when 
implemented correctly.  Still, many researchers have criticized this report for focusing 
almost solely on certain types of research (experimental and quasi-experimental studies), 
leaving out large numbers of high quality studies (Borko & Whitcomb, 2008; Cobb & 
Jackson, 2008).  The panel was also criticized for basing their recommendations on their 
own professional judgment, which is biased by their political and ideological perspectives, 
rather than on the research (Thompson, 2008).  
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When examining teacher-reported variables using NAEP data, researchers have 
found that collaborative problem solving and knowledge of the NCTM Standards were all 
positively related to 4th grade NAEP mathematics scores (Lubienski, 2006).  Another study 
using NAEP data also found a strong negative correlation between students’ traditional 
beliefs about math and their test scores (Lubienski, Lubienski & Crane, 2008).  It is 
important to note, however, that the NAEP data is not longitudinal, and therefore these 
results are correlational and could simply reflect a trend of teachers using particular types 
of instruction with higher-achieving students.  Finally, a recent study using the 
Kindergarten ECLS-K data indicates that both traditional and reform-oriented practices 
may be beneficial.  Guarino and colleagues (2006) found that teacher reported emphases 
on traditional practices and computation, measurement and advanced topics, advanced 
numbers and operations, and student-centered instruction were all positively associated 
with mathematics test score gains in kindergarten students.   
Teaching practice differences by sector.  Several studies have examined how 
teaching practices are similar or different in public and private schools.  While some results 
have been mixed (Chandler, 1999), most have found that private schools tend to have 
teachers who use more traditional methods.  In a study of 115 Catholic and Public 
elementary schools in Pittsburg, Catholic school principals more often reported that direct 
instruction was used while public school principals reported more self-directed student 
learning  (Chandler, 1998).  Analysis of the more recent and national NAEP data indicates 
that 4th grade public school teachers report a greater emphasis on calculator use as well as 
the four non-number mathematics strands promoted by NCTM – specifically, geometry, 
measurement, algebra, and data analysis/probability (Lubienski, Lubienski & Crane, 2008).  
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The same study found that students in private schools more often expressed traditional 
beliefs about the nature of mathematics than students of similar backgrounds in public 
schools, such as a belief that there is only one way to solve a math problem and that 
learning mathematics mostly involves memorizing facts.  Multiple studies using the ECLS-K 
kindergarten data have also confirmed that private school teachers report using more 
traditional methods, such as using worksheets and textbooks to practice computation, 
while public school teachers more often reported using mixed-achievement grouping, 
problem solving and manipulative activities (Bodovski & Farkas, 2007; Carbonaro, 2006; 
Guarino, et al., 2006; Hausken & Rathbun, 2004).  Even Bryk, Lee and Holland, who argue 
for Catholic school superiority, concede that instruction in the Catholic high schools they 
visited was largely textbook-driven with many lectures, and state that efforts are needed to 
improve teachers’ pedagogical skill (1993, p.309).   
Given the promising findings surrounding many aspects of reform-oriented 
mathematics teaching practices, it seems possible that the greater use of these practices in 
public schools could help explain why public school mathematics achievement is higher 
than mathematics achievement in demographically similar Catholic schools.  
Curriculum focus 
 One possibility that has not been examined in the literature using longitudinal data 
is if the difference in student mathematics test scores between public and Catholic schools 
is in part because of the types of questions asked on recent tests and how well they 
correlate with what the students are learning in the classroom.  The NCTM has called for a 
greater emphasis on non-number mathematics strands such as measurement, geometry, 
data analysis and probability and algebra (NCTM 1989, 2000), so it would seem likely that 
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public schools, which have been found to use more reform-oriented methods, would focus 
more on these topics and less on number sense and properties than Catholic schools.   
There has not been a lot of research examining if there are differences in the 
mathematics topics covered by school sector, but what has been found using the NAEP data 
is that teachers in public 4th grade classrooms do report a greater emphasis on non-number 
mathematics strands than private school teachers (Lubienski, 2006; Lubienski, Lubienski & 
Crane, 2008).  In addition, the data indicated that student mathematics achievement was 
higher in classrooms that had a greater emphasis on non-number mathematics strands and 
lower in classrooms that had a stronger emphasis on numbers and operations (Lubienski, 
2006; Lubienski, Lubienski & Crane, 2008).  Still, this data was cross-sectional so causation 
cannot be determined and it is just as likely that the results indicate that teachers with 
high-achieving students more often choose to focus on non-number mathematics strands 
rather then that it is the curriculum focus that leads to higher scores.  Therefore, it is 
important to examine recent longitudinal data in order to get a more clear and accurate 
understanding of these relationships.   
General Conclusions/Implications From the Literature 
 Recent research suggests that public elementary school students are testing higher 
in mathematics and making greater test score gains as compared to demographically 
similar students in Catholic schools.  Reardon, Cheadle and Robinson’s analysis of ECLS-K 
Kindergarten through 5th grade data (2009) revealed that the grades where Catholic school 
students particularly fall behind are between the 1st through 3rd grades (see Figure 1).  This 
is a critical time in schooling because students learn at a much faster rate in their early 
years of schooling than in later years (Jencks, 1985), and inequalities in achievement may 
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follow students throughout the rest of their schooling.  The question that still needs to be 
answered is why Catholic school students seem to be falling behind in mathematics in these 
grades 
Past research indicates that there are several ways that public and Catholic schools 
may differ which might help to explain differences between public and private schools test 
score gains in the early grades.  The most likely factors are ones related to teacher quality 
and teaching practices, but research has also been inconclusive regarding other factors as 
well, including school and class size, climate, parental involvement, teacher education, and 
teacher autonomy.  Finally, it is possible that students in public schools are testing better 
than demographically similar peers in Catholic schools because the types of questions on 
recent assessments more closely match what they are learning in school than what Catholic 
school students are learning.     
Theoretical Framework 
Given the strong evidence that public elementary school students are making 
greater gains in mathematics than their Catholic school peers, it is worthwhile to question 
if either some of the previous explanations for Catholic school superiority are misguided or 
outdated, or if there is some unknown advantage that public elementary schools have that 
counteracts the Catholic school advantages.   
Public Choice theory 
Public Choice theorists assert that school sector shapes organizational structure and 
incentives, which can affect school quality (Chubb & Moe, 1990).  They argue that 
bureaucracy is a serious obstacle to effective school organization and that markets and 
competition are necessary for school improvement and innovation to take place.  They 
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claim that because public schools are authority-driven and accountable to bureaucracies, 
they are all essentially identical and do not have incentives to innovate or respond to 
consumers’ demands.  Public schools are described as inefficient because they do not need 
to compete for “customers,” and when pressed for resources, they simply demand more 
money from taxpayers or reduce quality (Friedman, 1955).  Private schools, on the other 
hand, are output-driven and accountable to consumers, and must therefore be adaptive and 
strive for improvement in order to attract and retain students (Chubb & Moe, 1990; 
Coleman, 1993; Manno, Finn, Bierlein, & Vanourek, 1998).  Public Choice theorists believe 
that private schools are inherently superior because they are free of the regulation and 
political issues that bog down public schools.  For example, public schools must address 
demands from teachers’ unions as well as political issues such as textbook adoption and 
prayer in schools which can distract from and inhibit academic performance (Chubb and 
Moe, 1990; Hoxby, 1996).  Others argue that public schools use resources in wasteful and 
inefficient ways and that choice and competition would lead to more efficiency (Coleman, 
Campbell, Hobson McPartland, Mood & Weinfeld, 1966; Hanushek, 1986). 
Critiques of Public Choice theory 
Many researchers have come to question the assumptions and conclusions of Public 
Choice theorists as they apply to education (Lubienski, 2003).  While market theory may 
work in the marketplace with businesses and products, things are not necessarily as clear-
cut when it comes to children and learning.  When marketing a product, the primary goal is 
to make a profit.  However, this is not typically viewed as a primary goal in education and 
the act of striving for monetary profit, or indirectly higher student enrollment, may not 
necessarily lead to educational improvement. 
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The first issue that opponents claim weakens Public Choice theory in relation to 
schools is that parents may not always pick schools based on the academic quality of 
education, either due to misleading information or because of nonacademic goals they hold 
when choosing.  Goldhaber (1999) explains that “market efficiency refers to the 
maximization of utility, or happiness, not the efficiency of educational delivery”  (p. 23).  
Therefore, choice will lead to educational quality only if that is what maximizes parental 
happiness.  However, the two don’t always coincide, and parents may either be unaware or 
misled regarding school quality, perhaps mistaking a school’s h igh test scores for its “value-
added” contribution to student achievement.  In addition, parents may choose schools 
based on nonacademic factors such as safety, sports teams, student demographics or 
religion (Ladd, 2002).  
When private schools are placed in a market situation and have to work to attract 
families in order to survive, unintended consequences may arise.  For example, researchers 
have found that schools in this situation tend to focus more on nonacademic factors in an 
effort to gain students, such as hiring staff with certain religious beliefs or advertising in 
the right places to attract high performing students that will boost their test scores 
(Lubienski & Lubienski, 2006a).  This might make these schools more attractive to parents 
and make them appear successful in a business sense (i.e. they may have a better financial 
position and have higher student enrollments).  They may even have higher test scores 
because they have managed to recruit the “right” students into their school.  However, 
focusing their efforts on these areas does not necessarily lead to a higher quality of 
education, and may even distract from this pursuit.    
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Another claim by public choice theorists that may need to be reconsidered is the 
idea that regulation and bureaucracy in public schools necessarily detract from educational 
pursuits.  While bureaucracy may be a burden at times, it is possible that some of the 
regulation in public schools is in fact beneficial and helps to explain why public school 
students seem to be performing better in math than their demographically similar peers in 
Catholic schools.  For example, recent research using cross-sectional NAEP data suggests 
that public school students’ elevated mathematics scores might be due to recent shifts in 
the types of mathematics items on assessments, which public schools might be more 
accountable for addressing in their curricula (Lubienski, Lubienski & Crane, 2008).  
Perhaps public schools are more responsive to current educational trends because of the 
very bureaucracy and oversight that is criticized by Public Choice theorists, who argue that 
regulations stifle innovation and improvement.  This same NAEP study suggested that 
public school students might also be advantaged because they are more likely to have 
certified teachers who may be generally more effective, as found by Clotfelter, Ladd and 
Vigdor (2007).  If this finding were to hold up in a longitudinal study of achievement, this 
would challenge Public Choice theorists’ assumptions about drawbacks of school 
bureaucracy and regulation because teacher certification is regulated in public schools 
through certification requirements. 
Public Choice theorists believe that the private sector is more responsive to parent 
interests, and Catholic schools’ efforts to please their “customers” might be used to explain 
why Catholic schools typically report higher levels of parent involvement, and more 
positive school climates.  Some researchers argue that these are in fact the key reasons for 
Catholic schools’ advantage (Bryk, Lee & Holland, 1993).  One possible explanation for the 
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apparent public schools’ higher mathematics performance in the face of the perceived 
Catholic school superiority is that some of the Catholic school advantages argued for in the 
literature are not in fact a function of school sector but of student demographics.  For 
example, while researchers generally find that Catholic schools have superior school 
climates and higher levels of parental involvement, do the results still hold when 
controlling for socioeconomic backgrounds?  If so, then the argument may hold that there is 
something systematic and endemic within Catholic schools that leads to this.  However, if 
no such advantage remains after accounting for demographic differences between schools 
then one might safely conclude there is no inherent Catholic school advantage in that 
respect. 
Importance of understanding public/Catholic school disparity  
In recent decades the prominent studies arguing for the superiority of private 
schools have added fuel to Public Choice theories, which critique government and public 
bureaucracies’ administration of public services.  Because of this, some policymakers 
suggest that if the private sector is better able to educate children, then parents should 
have the option of sending their children (along with their apportioned tax dollars) to these 
schools.  This view can be seen in such educational policies as school choice, voucher 
programs, charter schools, and choice provisions in No Child Left Behind (Lubienski & 
Lubienski, 2006a).  For example, those who have argued for voucher programs have 
claimed that vouchers enable students who are stuck in underperforming public schools to 
escape to higher performing private schools (Chubb & Moe, 1990).  Policy makers and the 
general public have accepted this argument, with the belief that private schools are higher 
performing and a better option for students than public schools, a belief based partly on 
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increasingly dated research using the HSB data.  These policies can lead to a shifting of 
public money and students away from public schools.  Because of this, it is important to 
delve deeper into the question of private school superiority, to understand why the most 
recent results seem to clash with prior research that has been the basis of many key 
education reforms.  Understanding not only if public schools are more or less effective than 
private schools, but also the reasons why, can help researchers, educators and policy 
makers understand what factors lead to effective mathematics education, and shift policies, 
practices, and resources in order to best serve students. 
Research Questions 
The results presented in this dissertation are based upon data from the Early 
Childhood Longitudinal Study kindergarten cohort (ECLS-K).  I examine various factors 
related to public and Catholic students’ mathematics gains between  the spring of 1st and 3rd 
grades in an attempt to explain the apparent public school advantage during these years.  I 
decided to examine 1st through 3rd grade because this is where previous research 
indicates Catholic students lose the most ground compared to public school students as 
discussed in the literature review (Reardon, Cheadle & Robinson, 2008).   
This study addresses the three research questions below.    
1.  Do public and Catholic schools differ with regards to school and classroom size, 
school and classroom climate, parental involvement, teacher characteristics, 
professional development, and curriculum and instruction methods in the 3rd grade?   
2.  How do any differences found between public and Catholic schools relate to 
students’ mathematics test score gains between the spring of 1st grade and the 
spring of 3rd grade?  Are there differences in either sector’s impact based on 
race/ethnicity or socioeconomic status?   
3.  How do public and Catholic school students differ in their performance on ECLS-
K mathematics assessment subscales?  To what extent are the smaller gains in 
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Catholic students’ overall mathematics test scores from 1st through 3rd grade due to 
a difference in the frequency of items from the various subscales? 
Again, this study focuses on grades 1-3 because prior research using ECLS-K data 
identified an increasing gap favoring public school students during those grades (Reardon, 
Cheadle, & Robinson, 2009).  However, the Reardon et al analysis encompassed only grades 
K-5, as it was conducted prior to the release of the 8th grade ECLS-K data.  Hence, prior to 
this analysis, I conducted an extensive analysis of the recently released 8th grade ECLS-K 
data mirroring the first two questions of the analysis conducted in this dissertation for 
grades 1-3.  I found that there was no significant difference between Catholic and public 
school students’ 8th grade math test scores or 5th through 8th grade math test score gains 
either before or after controlling for student demographic composition.  In addition, none 
of the explanatory variables related to climate, teaching practices or school facilities were 
significantly related to mathematics test score gains from 5th through 8th grade, which is 
likely due to the fact that this is a 3-year grade span but only information on the 8th grade 
classroom and school is available (more on this issue will be discussed in the final chapter 
of this dissertation).  Because of the lack of significant results in the 5th-8th grade analysis, 




 This chapter describes the methods used to answer the research questions in this 
study.  The sample, instruments, research design and data analyses methods are explained. 
Data/Sample 
This study involves a secondary analysis of data from the Early Childhood 
Longitudinal Study – Kindergarten cohort (ECLS-K), which was conducted by Westat for 
the U.S. Department of Education’s National Center for Education Statistics (NCES, 2002).  
The data were collected using a multistage probability sample design in order to obtain a 
nationally representative sample of children attending kindergarten in the fall of 1998, 
with data collection completed in their Kindergarten, 1st, 3rd, 5th, and 8th grade years.  In 
total, 22,782 children were followed, and certain students were oversampled in order to 
obtain sufficient information on smaller population subgroups.  Sample weights are  
provided to correct for oversampling.  For example, Asian-Pacific Islander students were 
oversampled by 2.5 times (NCES, 2004).  The sample was also refreshed in the 1st grade to 
make it a representative sample, but not again in later waves.  Therefore the results of this 
analysis can be considered representative of students who began 1st grade in the fall of 
1999.  This analysis utilized public-use data from the 1st- and 3rd-grade waves of the study 
because Reardon, Cheadle and Robinson’s previous analysis of the ECLS-K data (2009) 
revealed that these were the grades where Catholic school students particularly fall behind , 
and my own subsequent analyses using the full K-8 sample confirmed this.     
Students, classrooms and schools that were not public or Catholic were removed 
from the outset.  This reduced the number schools by 204.  At the classroom-level, data 
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from 113 teachers were removed because the teacher reported that she or he does not 
teach mathematics.  Student-level cases missing either the mathematics 1st or 3rd grade t-
score, school sector information, or teacher ID were removed from the analysis.  Finally, 
only students who were in the same school sector in 1st and 3rd grade were used in the 
analysis, further reducing the student-level file by 261 cases3.  The final sample included 
11,860 students, 4911 classrooms, and 1972 schools.  This is down from the original 
sample of 13,964 children and 6093 classrooms and 3019 schools.4     
Assessments 
 A range of instruments were used in this study, including the Third Grade Teacher 
Questionnaire, the school-level Administrator Questionnaire, and the Facilities checklist 
(completed by an outside observer).  In order to gauge children’s mathematical skills, the 
ECLS-K Direct Child Assessment was used.  Various sources were utilized in the creation of 
the ECSL-K Direct Child Assessment mathematics assessment, including state/national 
standards, elementary content specialists and multicultural experts.  The items assess a 
wide range of content, as advocated by the National Council of Teachers of Mathematics 
Standards (1989; 2000).  The mathematics assessment was administered through an hour 
long one-on-one testing session using computer-assisted interviews (CAI).  For the 
                                                 
3 I decided to keep students who changed schools but remained in the same sector in the analysis because I 
felt that losing these students in the sampl e would be more harmful than the extra school -level noise added 
from the effect of having been in a different school.  This is because t-tests indicated that those 1,714 students 
(or 14.4% of the sampl e) that would have been dropped have significantly lower average SES score than the 
rest of the sample.  In addition, a significantly smaller percentage are white (50% vs. 58%) while a 
significantly larger percentage are black (18% vs. 12%).  Still, I ran the full HLM model using the reduced 
sample in order to confirm that there were no major differences found in the results section.  
4 The decrease in the number of schools in the sampl e seems large compared to that of the students and 
classrooms.  This is largely due to the fact that the students who were dropped from the sample ei ther 
because they were missing critical data or because they changed sectors often were in a school where they 
were the only ECLS-K participant, and therefore when they were dropped, that entire school was dropped 
from the analysis. 
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Kindergarten and 1st grade data collection, students whose home language was not English 
were administered a language screener prior to the mathematics assessment to ensure 
they could understand and respond to English test items.  If they did not meet a certain 
cutoff score in English but met it in Spanish, they were given the mathematics assessment 
in Spanish (NCES, 2002).  Test items measured conceptual knowledge, procedural 
knowledge, and problem solving skills.  Test scores were provided in t-score format (with 
mean of 50 and standard deviation of 10) and item response theory (IRT) scale scores, 
which can be used to estimate achievement gains between different assessment periods.  In 
addition to the t-scores and IRT scores, the ECLS-K also provides data on students’ 
proficiency level in different areas: (a) number and shape, (b) relative size, (c) ordinality 
and sequence, (d) addition/subtraction, (e) multiplication/division, (f) place value, (g) rate 
and measurement, (h) fractions and (i) area and volume.  Finally, the NCES reports the 
percentage of the various types of items in different categories by grade-level.  This is given 
in Table 1 for grades K-5. 
Weights 
The ECLS-K dataset includes various sample weights to adjust for differential 
selection probabilities and reduce bias associated with non response.  Denton and West 
explain that “weighting the data adjusts for unequal selection probabilities at the school 
and child levels and then adjusts for school, child, teacher, and parent non-response” 
(2002, p.28).  For example, Asian and private school students were oversampled in order to 
ensure large enough samples, so they must be weighted accordingly.  In addition, not all 
students who transferred out of their original school were retained in the sample, and the 
ECLS-K weights at each wave are adjusted to take this into account in the remaining 
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sample.  I used the direct child assessment longitudinal weight C45CW0 which is 
appropriate for analyses of assessment data from both spring-first grade and spring-third 
grade in conjunction with child characteristics, third grade teacher questionnaire data, and 
data from the administrator questionnaire.  The weight has a total number of cases of 
13,964 (NCES, 2004 p.165).  Weights were adjusted by being multiplied by the number of 
positive weights divided by the sum of the weights, and were additionally divided by the 
design effect for any analysis conducted using SPSS.  This was done to correct for the fact 
that SPSS calculates standard errors assuming data collection used a simple random 
sample instead of calculating them based on the correct sample size and adjusting for the 
clustered sample design of the ECLS-K (NCES, 2004).   
Variables 
This dataset is valuable not only because of its longitudinal and large-scale nature, 
but also because of the wide scope of information collected from multiple sources including 
children, families, teachers, principals, and outside observers.  The variables I used in the 
analyses are grouped into three different datasets: student-level, classroom-level and 
school-level.  The average number of sampled students per classroom was 2.41 (maximum 
of 21), and the average number of sampled classrooms per school was 2.49 (maximum of 
12).  The ECLS-K questionnaire asked teachers, administrators and outside observers to 
each answer hundreds of questions, and I drew from these the items that past research 
suggested might differ by school sector and be related to student achievement.  In order to 
further reduce the number of variables in the final analysis as well as avoid issues of 
multicollinearity, I created composite variables when there were several related variables.  
Reliability analyses were conducted to confirm scale reliability for all composite variables.  
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Finally, each variable’s relationship to mathematics achievement growth was examined and 
variables were recoded when necessary so that they would have a linear relationship with 
achievement.  This was necessary because the HLM models which were run in this analysis 
assume a linear relationship between predictor variables and achievement.   
3rd grade school-level variables.   
School-level variables used in the analyses included descriptive and demographic 
variables such as school location and size, building characteristics such as percent capacity, 
and school climate variables such as the presence of security guards.  A full list of school-
level variables and their descriptive statistics is given in Table 4.   
School descriptors and demographics.  There were several variables included in this 
group.   
 School sector was recoded as a binary variable with Catholic=1 and public=0. 
 School location was recoded into binary variables with large city as the default 
omitted category. 
 
 School size was converted from an ordinal 1-5 scale as given in the ECLS-K into 
two binary variables indicating if a school is small (<150 students) or large (750+ 
students) because past research has been mixed regarding if small or large 
schools are more beneficial, and some researchers have argued that there may be 
a nonlinear trend (Borland & Howsen, 2003; Howley & Bickel, 1999; Kuziemko, 
2006; Lee & Loeb, 2000).  In addition, preliminary analysis of the ECLS-K data 
examining mean mathematics t-scores by student enrollment category indicated 
a nonlinear trend, with students in the lowest (<150) and highest (>750) 
categories having the lowest t-scores (mean of 49.72 and 49.34 respectively). 
 
 Free- and reduced-price lunch eligible student percentage was calculated using 
principal survey responses, and for cases where the response was missing, it was 
imputed using the teacher-reported classroom free- and reduced-price lunch 
eligibility data aggregated to the school-level. 
 
 Average daily attendance as reported by the principal. 
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Building characteristics.  The building characteristics included in the analysis are the 
school’s percent capacity and the principal’s response to whether classroom facilities meet 
student needs.  The school percent capacity was calculated by subtracting the principal-reported 
number of students the school can accommodate from the number enrolled and dividing this by 
the number the school can accommodate.  A comparison of means by 8 rank categories as well 
as a partial correlation controlling for the school’s free- and reduced-price lunch eligibility 
percentage indicated that there was a significantly positive correlation between percent capacity 
and students’ mean math test score gain from 1st to 3rd grade (r=.052, p=.02) so this variable was 
left as a continuous variable.  The principal also responded to a question indicating if the 
classroom facilities meet the needs of the children in the school with response options including 
never adequate, often not adequate, sometimes not adequate and always adequate.  There were 
very few responses in the first two categories (about 5% of responses overall) and about half of 
responses were in the last “always adequate” category, so this variable was recoded into a binary 
variable with always adequate vs. not always adequate.    
School climate variables.  Several variables were included to help gauge the school 
climate, including a principal report of the presence of safety measures (security guards, metal 
detectors, and window and door bars).  Almost no schools had metal detectors (0.8%) so this 
item was left out of the analysis.  The variable indicating the presence of security guards and 
window and door bars were combined into a security composite.  These two had a Cronbach’s 
Alpha reliability score of 0.51.  In addition, six questions measuring the schools’ climate were 
combined into a School Climate composite variable, which had a Cronbach’s alpha score of .81.  
These included an outside observers’ response to whether they observed decorated hallways, 
attentive teachers, personable principal, helpful staff, order in hallways, and order in classrooms. 
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Eleven questions relating to the neighborhood around the school also had a high Cronbach’s 
alpha score (.86) so were combined into a Neighborhood Climate composite variable.  These 
included an outside observers’ rating of the absence of litter or trash near the school, graffiti near 
the school, boarded up buildings near the school, and people congregating near the school, as 
well as principal-reported variables indicating the extent to which the neighborhood has 
difficulties with substance abuse, gangs, unkempt areas, heavy traffic, violent crime, and general 
crime in the area.   
3rd grade classroom-level variables.   
Classroom-level variables included those related to classroom demographics, 
curriculum and instruction, parental involvement, professional development, class climate, 
and teacher characteristics.  Only 3rd grade classroom-level variables were examined 
because the 1st grade mathematics test score included as a control variable was from the 
Spring of 1st grade, and therefore would already reflect 1st grade classroom effects.  A full 
list of classroom-level variables and their descriptive statistics is provided in Table 3.   
Classroom demographics.  The classroom variables included in the analysis that 
were related to student composition were the percentage of students with disabilities in 
the classroom, and the total number of students in the classroom.      
Curriculum and instruction.  Mayer (1998, 1999) and Stipek and Byler (2004) 
found that teachers’ responses to survey questions regarding their teaching practices in 
mathematics were strongly correlated with data from classroom observations indicating 
that teachers’ responses reflect their practice relatively well.  The curriculum and 
instruction variables included in the analysis were teacher reports of their classroom 
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layout, computer access, calculator use, and use of traditional or reform-oriented teaching 
methods.   
The ECLS-K classroom layout variable had four response options for teachers, 
including rows facing front, circle/semicircle, small groups, and no set arrangement.  
Means of 1st through 3rd test score gains by response indicated that rows facing front had a 
negative t-score change (-.30) while the other three response options had a positive t-score 
change (between .30 and .36), therefore this variable was converted into a binary 
indicating if desks were arranged in rows facing the front of the classroom or not.  
The number of computers per child was calculated by taking the teacher reported 
number of computers in the classroom that the children are allowed to use and dividing it 
by the total class enrollment.  Finally, the ECLS-K teacher survey included 11 questions 
about the frequency that teachers use various teaching practices in mathematics 
instruction.  These items seemed to logically break into two categories: traditional teaching 
practices and reform-oriented practices (see Table 6 for item groupings and Cronbach’s 
alpha reliability scores).   The reform-oriented practices variables included the frequency 
students in the class use measuring instruments, manipulatives, solve problems in small 
groups, write about how they solved a math problem, talk to the class about mathematics 
work, work on math projects, discuss solutions to math problems with other students, and 
work on math problems that reflect real life situations.  When combined, these had a 
Cronbach’s alpha coefficient of .78.  The items that were combined into the traditional 
practices composite include the frequency children in the class use a math textbook, work 
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on math worksheets, and take math tests5.  When combined, these had a Cronbach’s alpha 
coefficient of .286.   
Teacher autonomy.    Teachers were asked several questions that could help gauge how 
much autonomy they had in the classroom.  These were a rating of how much the teacher 
controls the curriculum, how much paperwork interferes with teaching, and whether job security 
is based on state and local tests.  The Cronbach’s alpha reliability score for these three was low 
so they were kept separate.   
Parental involvement.  Several questions in the ECLS-K teacher survey can be used to 
measure parental involvement.  The ones included in this study are the percentage of parents who 
attend conferences, volunteer regularly, attend other school activities, and if the teacher reports 
that parents support school staff.  The percentage of parents who attend conferences and other 
school activities appeared to have a linear trend when examining t-score gain means by category 
so these were left in ordinal categories (1=none, 2=1-25%, 3=26-50%, 4=51-75%, 5=76%+) .  
The variables for the percentage of parents volunteering regularly and if parents support school 
                                                 
5 Partial correlations were run examining the relationship between initial 1st grade math t-score and 3rd grade 
teacher instructional practice composite variables to determine whether ini tial student ability is a 
confounding variable that influences the type of instruction students receive.  There was no significant 
correlation between prior ability and the reform-oriented practices composite, and a slightly positive 
correlation between prior ability and the traditional practices composite (r=.02, p<.05) indicating that 
students who score higher have teachers who report a greater frequency of the traditional practices (though 
not by much).  In addition, there was no significant correlations between a student’s socioeconomic status 
and either the reform-oriented or traditional practices composite variables, indicating that a teacher’s 
reported use of these is not likely influenced by the socioeconomic composition of his or her students.    
6 The low Cronbach’s alpha reliability score was concerning but I chose to keep these items together in the 
composite anyway for several reasons. First, initial exploratory principal components factor analysis with 
Varimax rotation broke these three i tems into one component (the other two groupings that came from the 
factor analysis didn’t make logical sense so I combined them into one reform-oriented practices composite).  
Second, the items were all positively correlated and the removal of any of the items would not have improved 
the alpha score by more than .02.  Finally, all three had responses that differed similarly by school type.  I also 
ran a full model with the three traditional practices variables separately and found that this did not change 
the resul ts (none of the variabl es were significant on their own or in the composite, and including them 
separately did not significantly alter other coefficients in the model).   
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staff appeared less linear so were converted into binaries, with the volunteering variable coded as 
either at least one parent in the classroom volunteers regularly vs. none do, and the supporting 
school staff variable coded as 1 for agree or strongly agree and 0 for neither agree nor disagree, 
disagree, and strongly disagree.  
Professional development.  The only math-related variable that measured the amount of 
professional development given to math teachers was one asking teachers how many hours 
during the past year they have spent in staff development workshops, seminars, or university 
courses relating to mathematics or math teaching.  Due to the skewed nature of this variable, 
with most responses concentrated in the lower numbers and few responses reaching out into the 
tens or hundreds, this variable was recoded into four ordinal categories, each with approximately 
25% of the responses: 0 hours, 1-3 hours, 4-8 hours, and 9 or more hours.  For those teachers in 
the highest category, the mean number of hours attended was 25 while the median was 16.     
Climate.  There were several questions answered by teachers that were related to the class 
and school climate.  Factor analysis was run to examine which variables were most closely 
related, and results indicated that there were four different clusters of variables: administrative 
support, student misbehavior, teacher satisfaction, and staff support.  The administrative support 
composite included four items asking teachers if the administration encourages staff, prioritizes 
well, handles outside pressure, and communicates the school vision.  The student misbehavior 
composite included items about if physical conflicts, bullying and child misbehavior are a 
problem.  The teacher satisfaction composite included teachers’ opinions as to whether they 
enjoy their present teaching job, would choose teaching again, and if they feel they make a 
difference in children’s lives.  Finally, the staff support composite variable includes teacher’s 
ratings on if staff members accept them as a colleague, have school spirit, and continually learn 
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and seek new ideas.  These groupings made sense theoretically and were therefore used to create 
composite variables.  The four composite variables, their items, and the Cronbach’s alpha 
reliability score for each composite variable are shown in Table 6. 
Teacher characteristics.  The variables related to teacher characteristics that were used 
include the highest education level the teacher achieved and the type of certification the teacher 
has.  Many studies have found that there is not necessarily a linear trend between teacher 
education and student achievement particularly in elementary school (Clotfelter, Ladd & Vigdor, 
2007; Croninger, et al. 2007; Rowan, Correnti & Miller, 2002; Stuhlman & Pianta, 2009; Xu & 
Gulosino, 2006).  Therefore, the variable indicating teacher’s highest education level achieved 
was not treated as ordinal, but instead was recoded into two binary variables: whether a teacher 
has a bachelor’s degree or less, and whether a teacher has had education beyond a master’s 
degree.  Teacher’s certification type was given as five categories in the ECLS-K: none, 
temporary/probational certification, alternative program certification, regular or standard state 
certification, and advanced professional certification.  Only 1% of students in the sample had a 
teacher with alternative program certification (33 teachers) and their students’ mean t-score 
increase was not statistically significantly different from that of the temporary certification 
teachers’ students so these were grouped together into a binary variab le called 
“temporary/alternative certification”.  Although there were also few teachers with no 
certification, their students’ mean t-score increase was not comparable to the other categories and 
combining them with other types of certified teachers did no t make theoretical sense so they 
were left as a separate category.  Finally, studies have generally found that the newest and also 
the most veteran teachers tend to have students who perform more poorly than teachers in the 
middle range (Clotfelter, Ladd & Vigdor, 2007; Rivkin, Hanushek & Kain, 2005), so the variable 
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indicating a teacher’s number of years as a school teacher was recoded into two binaries: 3 years 
teaching experience or less and 25 or more years experience.  Thus results will be indicative of 
how teachers in these two categories compare with the default omitted category of teachers with 
4 to 24 years of experience.  
3rd grade student-level variables.   
Student-level variables included in the analysis included variables measuring student 
mathematics performance (as discussed above) and student demographic characteristics 
including socioeconomic status (SES), gender, race/ethnicity, age, and if a learning problem 
has been diagnosed.  A full list of variables and their descriptive statistics is provided in 
Table 2.  The child-level SES indicator, which is in the form of a z-score, was created by 
NCES and took into account the guardian parents’ level of education, occupational status, 
and total household income (NCES, 2002)7.   
In this article, race is treated in a slightly different manner than in mainstream 
literature in that the default comparison group of students is African-American as opposed 
to white students.  This means that binary variables were created for white, Asian, Hispanic 
and other race students, so when these variables are included in the HLM equations, the 
default omitted category that they are all being compared with is black students.  While 
results of the analyses would still fall under the category of “gap-gazing”, it at least changes 
                                                 
7 I also included three other SES-related variables that were found to be related to student achievement 
growth from Kindergarten through 5th grade (Lubienski and Crane, 2010), including the number of siblings, 
how many books the child has, and if there is a computer in the house, but their coefficients were either not 
significant or were only marginally significant when added after the ECLS-K SES composite variable and the 
other student demographics.  In addition, they didn’t have any effect o n the school sector coefficient, so they 
were left out of the analysis for the sake of simplicity.  
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the default group rather than positioning white middle-class students as the norm and 
others as the deviant (Gutierrez, 2008).    
Missing Data 
Missing data were handled in several ways.  First, when possible missing data were 
imputed using other similar variables from the same grade.  For example, when total class 
size was missing, it was imputed using the sum of the number of boys plus the number of 
girls.  Next, for student- level variables such as student race/ethnicity, SES, and learning 
problem diagnosed, missing data were first imputed using the same students’ 1st grade 
information if available, and if not, then the 5th grade information.  Similarly, school-level 
missing data such as school size and security variables were first imputed using 1st grade 
information if available, and then 5th grade information.  Missing school-level free- and 
reduced-price lunch eligibility information was imputed using aggregated class-level data 
when no 1st, 3rd, or 5th grade school-level data were available.  Finally, any remaining 
missing cases were assigned the value of the mean for the school type.  When this was 
done, a new binary variable was created indicating if the variable was imputed or not, and 
this variable was entered into the HLM models as its corresponding variable was added.  If 
the “missing” variable was insignificant when included in the HLM model (as turned out to 
always be the case), a final model was rerun without it included.  Table 5 gives the overall 
percentage of missing cases for each variable as well as the percentage missing by sector.  




Question 1 - Do public and Catholic schools differ in the 3rd grade? 
The variables listed in the section above were selected from the hundreds of 
available ECLS-K variables because prior research suggests that they may vary by school 
sector and also may be related to student achievement.  To determine if public and Catholic 
schools differ in teacher and administrator responses to the class- and school-level 
variables above, t-tests were first run to compare the raw means by school sector8.  The 
results of these analyses give a snapshot of what an average public or Catholic school might 
report on these variables.  However, it is widely known that the student populations in 
public and Catholic schools are different due to factors such as cost to enroll in private 
Catholic schools.  Therefore, in addition to t-tests, binary logistic regressions were run to 
determine if a relationship existed after controlling for the demographic composition of 
schools and classrooms.  The control variables used in the logistic regressions were student 
free- and reduced-price lunch eligible percentage at the school level, and free- and reduced-
price lunch eligible percentage and special education percentage at the classroom level9.  
Each variable was run in a separate logistic regression equation to avoid the chance that 
similar variables might affect each other.  
                                                 
8 A significance level cutoff α=.05 was used in the study because this is commonly used in practice.  Some 
might argue that .10 could have been used because in most cases I only need to do 1-tailed tests since the 
direction of the outcome is often already known.  However, because the sampl e size was large and mul tiple 
tests were run, I chose the smaller alpha for most analysis.  The only exception was when determining which 
independent variables to include in the final HLM model for question 2, as described in the methods section 
below.  
9 Aggregated student SES was not included as a control when running the binary logistic regressions at the 
class- and school-levels because this would only have been based on an average of 2 or 3 students in the 
classroom, so I felt that school free- and reduce-price lunch percentage was a better indicator of the overall 
classroom demographics and therefore woul d make a better control variable since individual student data 
were not being examined in this analysis.   
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Question 2 - How do any differences found impact students’ mathematics test 
score gains between 1st and 3rd grades?  Are there differences in either 
sector’s impact based on race/ethnicity or socioeconomic status? 
The only variables relevant to this question which might help explain differences 
found in test score gains by sector are the ones which were found to differ by sector in 
question 1.  Based on the results of the binary logistic regressions, the school-level 
variables that were not significantly different by school sector after controlling for 
demographic information were removed from the analysis.  
Once the variables were narrowed down, the remaining variables were entered into 
a series of three-level HLM models (students nested within classrooms, nested within 
schools) to examine the relationship between school type and mathematics test score gains 
while controlling for the student, classroom and school demographic variables outlined 
above10.  HLM was used because it allows for nesting, which is important to take into 
account when examining students in classrooms and/or schools because there is likely to 
be a violation of the linear model assumptions of independence of observations.  
Educational data often lacks independence among students because students within a 
cluster (classroom or school) are more similar than those who might have been randomly 
selected because they have a shared environment.  The program used was HLM 6.0 
(Raudenbush, Bryk, Cheong, Congdon & du Toit, 2004; Raudenbush & Bryk, 2002).  In the 
models, binary demographic variables were entered uncentered and continuous variables 
                                                 
10
 I decided against using propensity-score matching (PSM) because both Reardon et al. (2009) and Carbonaro 
(2006) examined school sector differences in the ECLS-K data using both propensity-score matching and OLS 
regressions and obtained very similar results with both methods.  Their results were similar both because they 
used an extensive list of covariates in their models and also because it turned out that there was substantial 
overlap between students attending Catholic and public schools in key variables such as race, SES, and prior 
achievement. 
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were “grand mean” centered at all levels11.  The variables were then entered in groups of 
related variables, beginning with demographic variables in the first six models which 
would serve as a baseline for comparison of the Catholic school estimate.  As variables 
pertaining to school and class climate, building characteristics, curriculum and teaching 
practices, parental involvement, professional development, and teacher characteristics 
were added, I was able to determine the effect the addition of these factors had on the 
Catholic school estimate, thereby shedding light on possible explanations for the difference 
in math test score gains.  The dependent variable for this portion of the study was the 3rd 
grade mathematics t-score, with a control included for 1st grade Spring mathematics test 
scores12.   Interaction terms of race/ethnicity and SES by sector were also included to 
examine if there were significant differential effects.  The HLM equation for the full model 
was as follows.  Variables that were grand-mean centered are italicized.   
 Level-1 Model:  Y = P0 + P1*(1st Grade Math t-score) + P2*(SES) + P3*(Male) + 
P4*(White) + P5*(Hispanic) + P6*(Asian) + P7*(Other Race) + P8*(Age) + 
P9*(Learning Problem Diagnosed) + E 
                                                 
11 Centering is beneficial because it results in more easily interpretabl e estimates and also removes high 
correlations between the random intercept and slope estimates across groups which can help alleviate 
problems due to mul ticollinearity (Kreft, De Leeuw & Aiken, 1995; Raudenbush, 1989).  Group mean 
centering was decided against because the focus of the study is between-classroom differences, and group-
mean centering is most useful in examining how groups or contexts affect student performance, which was 
not a primary focus of this analysis (Paccagnella, 2006).  Leaving binary variables uncentered was used to 
make the resul ts more easily interpretable for broad audiences.  Leaving the binaries uncentered makes 
results interpretabl e as deviations from a specific student in a particular classroom and school (in this case a 
black femal e with no learning probl em diagnosed in a l arge-city public school, etc.) rather than deviations 
from a non-existent “average” student.  
12 Student test score gains could have been estimated either using a change score as the outcome (3rd – 1st 
grade score) or using the 3rd grade score as the outcome and using the 1st grade score as a predictor.  Allison 
(1990) argues that neither approach is inherently better, while Jencks (1985) argued that the “regressor 
variable method” which uses a posttest score as the outcome and pretest score as predictor is b etter.  This is 
the method I chose to use because it is important to account for a s tudent’s initial score and not just to look at 
the raw test score gain because this accounts for that fact that there might be factors like ceiling effects that 
make it easier for students to make gains if they begin low or high on the scal e.   
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 Level-2 (Class) Model:  P0 = B00 + B01*(Percentage Special Education) + B02*(Total 
Enrollment) + B03*(Desks Facing Front) + B04*(Number of Computers per Child) + 
B05*(Never or Hardly Ever Use Calculators) + B06*(Traditional Practices 
Composite) + B07*(Reform Practices Composite) + B08*(% Parents Attend Other 
School Activities) + B09*(Time in Math Workshop) + B010*(Administrator Support 
Composite) + B011*(Student Misbehavior Composite) + B012*(Teacher Satisfaction 
Composite) + B013*(Staff Support Composite) + B014*(Paperwork Interferes with 
Teaching) + B015*(How Much Curriculum Control) + B016*(Job Security Based on 
Tests) + B017*(Bachelor’s Degree or Less) + B018*(Beyond Master’s Degree) + 
B019*(Temporary/Alternative Certification) + B020*(No Certification) + R0 
 Level-3 (School) Model:  B00 = G000 + G001(Catholic School) + G002(Mid-sized 
City) + G003(Large Suburb) + G004(Mid-sized Suburb) + G005(Small Town) + 
G006(Rural) + G007(Small School) + G008(Large School) + G009(% Free/Reduced 
Price Lunch) + G0010(Percent Capacity) + G0011(Classrooms Meet Needs) + 
G0012(Neighborhood Climate Composite) + U00 
 Once the full model was run, a reduced model was examined which included all 
student demographic variables as well as school location and demographic composition 
variables as controls, and also included any of the explanatory variables that had a p-value 
of .10 or below.  This model was run to examine how the variables that are significant or 
marginally significant effect the Catholic school estimate without all confounding variables 
that were not significant included in the model.  The cutoff of .10 was chosen to increase 
the chances that no variables were dropped which might have turned out to be significant 
once all of the other non-significant variables were removed.  Finally, the full model was 
run on a reduced sample which only included students who remained in the same school 
between 1st and 3rd grades.   
Question 3 – How do public and Catholic school students differ in their 
performance on ECLS-K mathematics assessment subscales, and to what 
extent are the smaller gains in Catholic students’ overall mathematics test 
62 
scores from 1st through 3rd grade due to a difference in the frequency of 
items from the various subscales? 
In order to examine if there is a difference in the type of curriculum taught to 
Catholic and public school students, I examined both teacher-reported curriculum focus as 
well as student performance on various mathematics subscales.  The purpose of this is to 
examine if disparities in overall mathematics gains are concentrated within particular 
strands of mathematics, and if teacher reports indicate differential emphasis on those 
strands by sector.  If this does turn out to be the case, what does the data indicate might be 
contributing to those differences in emphasis as far as teacher background, characteristics 
and professional development.  
Teacher curriculum emphasis.  The curriculum areas that teachers reported their 
amount of emphasis on include: (a) Numbers and operations, (b) Measurement, (c) 
Geometry and spatial relations, (d) Data analysis, statistics and probability, and (e) Algebra 
and functions.  Teachers were asked to report how often they addressed each (from “none” 
to “a lot”).  Descriptions of these categories are given in Figure 2.   
Teacher responses were analyzed using t-tests to examine if there were differential 
responses by school sector.  However, given that teaching emphases can vary based on 
school characteristics, HLM models were run examining teacher focus as the outcome in 
order to examine if there are differences by school sector after controlling for student, 
class, and school demographics and location.  Lastly, a final HLM model was run to examine 
if teacher education, experience, professional development or certification status were 
significantly related to teacher focus in order to shed light on potential reasons for 
differences in teaching emphases by sector. 
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Student subscale performance, teacher emphasis, and ECLS-K emphasis.  The 
ECLS-K assigns each child a proficiency probability rating on several mathematics 
subscales indicating the likelihood that the child is proficient in each area based on their 
responses to specific mathematics assessment questions (NCES, 2004, p.3-15).  These 
subscales follow a Guttman scale, meaning that a child who is proficient in a certain skill 
level is also expected to have mastered the lower levels (NCES 2002).  The subscales 
include count/number/shape, relative size, ordinality/sequence, add/subtract, 
multiply/divide, place value, and rate/measurement, fractions, and area/volume.  For the 
first three subscales (count/number shape, relative size, and ordinality/sequence), the 
mean score for third graders was 99.9 or above, indicating that almost all third graders in 
the sample were proficient in these areas.  Therefore these three subscales were left out of 
any further analysis.   
As listed in the 3rd Grade User’s Manual (NCES, 2004, p.3-12), the remaining four 
categories relate specifically to: 
1. Solving simple addition and subtraction problems;  
2. Solving simple multiplication and division problems and recognizing more 
complex number patterns;  
 
3. Demonstrating understanding of place value in integers to hundreds place;  
4. Using knowledge of measurement and rate to solve word problems.  
I then compared the student proficiency rating for each subscale by school type to 
see if there was a pattern of differences that might indicate a different focus in the 
classroom. This was done using t-tests at the student level as well as through 3-level HLM 
models with subscale scores as the outcome variable.  The t-tests were done to examine 
raw differences between sectors, but it is possible that these differences in teaching 
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emphases reflect differences in demographics, as opposed to school sector.  If the 
differences persist by sector after controlling for demographics, this then raises the 
question of why, and whether these patterns in teaching emphases are due to teacher 
characteristics, particularly in light of prior studies that found that public schools employ 
more certified teachers, offer more professional development, and have more teachers with 
higher levels of education (Anderson & Resnick, 1997; Gruber et.al, 2003; Xu & Gulosino, 
2006).  In order to answer these questions, a series of three HLM models were run for each 
of the four subscale scores examined; a base model with only 1st grade subscale score and 
the Catholic binary variable, a model with demographic information, and a model with the 
teacher focus variables examined above.       
Finally, I used a few different methods to examine if the focus of the ECLS-K 
mathematics assessment might more closely reflect the learning of students in one sector 
than another, particularly from the 1st through 3rd grades where public school gains appear 
the greatest.  First, I compared the findings from the teacher curriculum focus and student 
subscale performance with the table provided by the ECLS-K indicating the percentage of 
questions that come from each of five categories (see Table 1).  Secondly, I ran a series of 
HLM models with 3rd grade math t-score as the outcome, and 1st grade math t-score and 
demographic variables as controls, and teacher focus variables as the explanatory 
variables.  And thirdly, I examined descriptions of the mathematics assessment items in the 




This chapter summarizes the results of the various analyses.  This includes a 
comparison of Catholic and public school principal and teachers’ responses to the various 
survey items, a summary of the results from the HLM models examining public and Catholic 
school differences in student test score gains when controlling for various categories of 
items, and a summary of the findings regarding the curriculum focus and student 
proficiencies by school sector and how they relate to ECLS-K mathematics performance.   
Catholic and Public School Responses 
Classroom-level   
Catholic and public school teachers’ responses were examined both before and after 
controlling for classroom demographic information.  Table 7 gives the results of both the t-
tests and binary logistic regressions for each variable.   
Curriculum and  instruction.  Catholic school teachers reported higher class 
enrollment, on average having 22.92 students versus 20.84 in public school classrooms.  
They also reported fewer computers per child, with .10 computers per child (or 1 computer 
for every 10 children) versus .15 computers per child (or 6.7 children per computer) in 
public schools.  Catholic school teachers more often reported curricular and teaching 
practices that reflect traditional teaching methods.  For example, Catholic school teachers 
were more than twice as likely to have desks in rows facing the front of the class (40% of 
classrooms vs. 17% of public school classrooms).  They also more often reported that they 
“never” or “hardly ever” have their students use calculators (65% vs. 44%).  Catholic school 
teachers had a lower mean score on the reform-oriented teaching practices composite 
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variable which reflects the frequency of practices such as children in the class discussing 
solutions to math problems, working on problems that reflect real-life situations, using 
measuring instruments or manipulatives, working on math projects and working in groups.  
Catholic school teachers also had a higher mean score on the traditional practices 
composite variable, which includes items about how frequently a teacher uses math tests, 
worksheets and textbooks.  These findings were all statistically significant with p<.001, and 
the general patterns held constant when binary logistic regressions were run with school 
percentage of free- and reduced-price lunch eligible students and classroom percentage of 
special education students included in the model13.  Because all of the curriculum and 
instruction related variables had different means by sector in the regressions with the 
demographic variables included, it is possible that these variables might help explain the 
difference in math test score gains between sectors.  Therefore, all of these variables were 
included in the subsequent HLM analyses.     
Parental involvement.  Catholic school teachers report higher parental 
involvement than public school teachers when examining raw means.  Catholic school 
teachers had significantly higher mean scores on all the parental involvement variables, 
including the percentage of parents who attend conferences, if at least one parent 
                                                 
13 The ECLS-K also included a variable measuring time on mathematics.  Unfortunately teachers were asked 
how much time they spent per day (1-30 minutes, 31-60 minutes, 61-90 minutes, etc.) and then were asked in 
a separate variable how many days they spent per week, with response options of “daily”, “three or four times 
a week”, “once or twice a week”, etc.  These variables did not allow for an accurate comparison of how much 
time was actually spent per week for any cases except for those who reported daily math instruction (which 
was about 92% of teachers who answered this question).  I ran HLM models with these 92% of cases and 
found that time on math was not significantly associated with mathematics test score gains either before or 
after demographic information was entered into the models.  This is likely because the vast majori ty reported 
31-60 minutes per day, and this does not differentiate between teachers who spend about half an hour verses 
ones who spend an hour per day.  Because of the lack of relationship found and the problems with the time on 
mathematics variables, they were not included in the final analysis.   
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volunteers regularly, the percentage of parents who attend other school activities, and if 
parents support school staff.  For example, while 95% of Catholic school teachers reported 
that at least one parent volunteers regularly, only 80% of public school teachers reported 
this.  Also, 88% of Catholic school teachers agreed or strongly agreed that parents support 
school staff while only 69% of public school teachers felt this way.  However, results from 
the binary logistic regression with demographic information included in the models 
indicate that there is no significant difference between public and Catholic school teacher 
responses to three of these four items indicating that the disparities are due to differences 
in the populations served by the schools, rather than a difference between school sectors.  
The only item that was still significantly different in the logistic regressions was the 
percentage of parents who attend other school activities, with Catholic school teachers 
reporting higher participation.  Therefore, while this participation variable was included in 
the subsequent HLM analysis, the others that were not significantly different by sector 
were not included because they were unlikely to explain any difference in student 
performance. 
Professional development.  Public school teachers reported significantly more time in 
workshops related to mathematics teaching per year.  The public school mean was 1.47, 
which is halfway between a score of 1 (1-3 hours) and 2 (4-8 hours), while the Catholic 
school mean was 1.04, which is right around a response of 1 (1-3 hours).  When examining 
the raw variables, the actual means are 8.54 hours for public school teachers and 4.58 
hours for Catholic school teachers.  A significant difference by sector was seen both in the t-
tests examining raw means and also in the logistic regressions with demographic 
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information included in the models, so the time in math workshops variable was included 
in the subsequent analysis.   
Classroom climate. Catholic school teachers report greater administrator and staff 
support, higher overall satisfaction with teaching, and better student behavior when raw 
means were examined.  Most of the sector differences were about .20 to .25 (on a scale of 1 -
5), but the student misbehavior composite in particular was larger, with Catholic teacher 
means at 1.86 and public teacher means at 2.31 (with 1=strongly disagree and 5=strongly 
agree that bullying or physical conflicts are a problem, and student misbehavior affects 
teaching).  The general pattern of the results was the same when classroom demographics 
were included in the logistic regressions, though the significance of the results decreased, 
particularly with the student misbehavior and staff support composites.  Because 
differences were found by sector, these variables were also included in the subsequent 
HLM analysis.  
Teacher autonomy.  Public school teachers reported less autonomy in the three 
items related to teacher autonomy.  When asked if paperwork interferes with teaching, 
public school teachers had a raw mean response of 3.45 (3=neither agree nor disagree and 
4=agree), while Catholic school teachers’ mean was 2.58 (with 2=disagree).  Public school 
teachers also agreed more with the statement that job security was based on state and local 
tests (mean=2.31) as compared to Catholic school teachers (mean=1.73), though both were 
on the disagree side of the 1-5 scale (1=strongly disagree, 2=disagree, 3=neither agree nor 
disagree).14  Finally, Catholic school teachers felt they had more control over the 
curriculum (mean 4.60) as compared to public school teachers (mean=4.16) though both in 
                                                 
14 It is worth noting that these results might be very different in higher grades, where public school teachers 
might feel more pressured by standardized tests.   
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general felt they had control (4=moderate control, 5=a great deal of control).  The direction 
and significance of these results held constant when class demographics were adjusted for 
in the logistic regression models, and therefore these items were also included in the 
subsequent HLM models in order to see if they have any effect on student mathematics 
achievement gains.  
Teacher characteristics.  Results from both the t-tests and the binary logistic regressions 
indicate that the Catholic school teachers in the ECLS-K sample had less education than public 
school teachers.  Catholic school teachers more often reported having a bachelor’s degree or less 
(40% of Catholic vs. 25% of public school teachers), less often reported having higher than a 
master’s degree (3% of Catholic vs. 8% of public), and more often had temporary or alternative 
certification  (14% of Catholic vs. 9% of public) or no certification (8% of Catholic vs. 3% of 
public).  There was no significant difference in the number of novice or veteran teachers by 
school type in the ECLS-K sample so these variables were excluded from later analyses.  
School-level   
Catholic and public school principals and outside observer responses were 
examined both independently through t-tests and in logistic regressions with school 
percentage of free- and reduced-price lunch eligible students included in the models.  The 
results are given in Table 8.   
School descriptors and demographics.  Public school principals reported a 
significantly higher percentage of students eligible for free- and reduced-price lunch (46% 
of students vs. 10% of Catholic school students), and this variable was included in all of the 
logistic regression models in order to adjust for student compositio n differences between 
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sectors.15  Catholic and public schools in the ECLS-K sample were equally likely to be in 
mid-sized cities, large suburbs, mid-sized suburbs, and small towns, but a significantly 
higher percentage of the public schools were in rural locations (10% vs. 5%).  Regardless of 
the similarity in raw scores, these variables were included in the HLM analysis as control 
variables, especially because the logistic regressions with demographic information 
included showed differences by sector in three of the five variables.  In regards to school 
size, Catholic schools more often fell in the small schools category, with 8% of Catholic 
schools having fewer than 150 students while only 3% of public schools did, and these 
results became more significant when demographic information was included in the 
models.  On the other hand, public schools more often fell in the large schools category, 
with 19% of public schools having 750 students or more while only 5% of Catholic schools 
did.  Finally, Catholic school principals reported higher average daily attendance 
(mean=4.63) than public school principals (mean=4.26) when examining t-tests based on 
raw means.  This is on a scale from 1-6, where 4 indicates 94% to less than 96% daily 
attendance and 5 indicates 96% to less than 98%.  However, there was no significant 
difference in attendance rate by sector when student free- and reduced-price lunch 
eligibility was included in the model so this variable was left out of the HLM analysis.  
                                                 
15 There is some concern in prior literature that private schools may underreport the percentage of s tudents 
eligible for free- and reduced-price lunch  becaus e they don’t always have these types of programs and aren’t 
obligated to keep track of student eligibility.  While this may be a concern in this research, it is at least 
encouraging that the percentage of Catholic schools missing this variable is relativel y small (10.5%).  Also, 
while 80% of public school parents say their kids eat a school-made lunch (of any price), 65% of Catholic 
school parents do.  Of the kids that eat lunch at school, half of public school children are eating it for a free or 
reduced price, while only 11% of Catholic school kids are.  Interestingly, the mean SES score of children 
receiving free- or reduced-price lunch in public schools is quite a bit lower (-.67) than the mean score for 
children in Catholic schools who receive it ( -.19).  This indicates that lunch eligibility is, indeed, a relevant 
category for Catholic schools, and in some sense, the variable could be viewed as somewhat biased toward 
Catholic schools in that those who receive free or reduced price lunch are of a higher SES than those pubic 
school students who do.  
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Building characteristics.  Both public and Catholic school principals reported on 
average that their schools were below capacity, but Catholic school principals reported 
significantly lower percent capacity than public school principals, with an average of 15% 
below capacity as compared to 8% below capacity for public schools.  Also, about 15% of 
public schools were over capacity while only 3% of Catholic schools were.  The logistic 
regression results were consistent with these findings.  Catholic school principals were 
more likely to report that their classrooms are always adequate for meeting the needs of 
students when examining t-tests, with 75% of Catholic school principals agreeing with this 
versus 60% of public school principals.   This difference in responses was not significant 
when examining the logistic regressions with student demographic information included in 
the models, but the p-value was close to significant (p=.065) so the variable was not 
removed from the HLM analysis.   
School climate.  When examining raw means, public schools had a higher security 
composite, indicating that they are more likely to have window and door bars and security 
guards.  However, when controlling for school demographics, there was no significant 
difference in the presence of security measures, and the coefficient even reversed so that 
when comparing schools with similar demographic compositions, Catholic schools in the 
sample more often had security measures, but the difference was not statistically 
significant so cannot be extended to the general population.  Because the difference was 
not significant, this variable was left out of the later HLM analysis.   
There was no significant difference in the raw neighborhood climate composite, 
with principals in both schools reporting similar problems with things like litter, graffiti, 
violence, and heavy traffic.  However, when student demographics were included in the 
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logistic regression model, Catholic school principals had a higher report of neighborhood 
problems than public school principals with similar free- and reduced-price lunch eligible 
populations.  There was also no significant difference in the raw school climate ratings 
given by outside observers measuring things like the presence of decorated hallways, 
personable principal and staff, attentive teachers, and order in the class and halls.  
Interestingly, the direction of the coefficient reversed in the logistic regressions  and 
became insignificant.  Because the difference was not significant in the logistic regressions, 
this indicates that there is no real difference by school sector in school climate and 
therefore this variable is unlikely to contribute to explaining the difference in mathematics 
achievement gains between public and Catholic schools and was therefore left out of the 
HLM models. 
 Overall, the school-variables that were removed from the upcoming HLM analysis 
because they were not significantly different by sector after demographic information was 
included in the model were average daily attendance percent, the security composite , and 
the variable indicating if classrooms meet student needs.  The class-level variables that 
were removed were the percentage of parents who attend conferences, if at least one 
parent volunteers regularly, if parents support the school staff, and the teachers’ years of 
experience variables.  Some of these variables are interesting in themselves because they 
go against previous research and popular opinion and will be returned to in the discussion 
section.   
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HLM Analysis Results 
Initial models - control variables    
Initial HLM models were run with very few controls in order to gauge the raw 
mathematics performance of public and Catholic school students.  The models with and 
without student and school demographics are shown in Table 9.  The significant pro portion 
of variance among classrooms and between classrooms in the null model as well as in 
subsequent models reveals that the use of multi-level models was sensible because the 
clustered data are related.  A good way to interpret these HLM results is to view the 
intercept as the estimated mean achievement of a student who is 0 on all of the binary 
predictors (e.g. a black, female, public school student, etc.) and at the mean for all 
continuous predictors (see Tables 2-4 for variable coding information).  According to 
Model 1, the traditional null model, mathematics achievement across all the students in the 
sample averaged 49.38 points in 3rd grade.  This makes sense because the test scores being 
used are in the form of t-scores with a mean of 50 and standard deviation of 1016.  Forty 
nine percent of the variation in achievement was due to differences within classrooms, 
18% was due to variance between classrooms within the same school, and 34% was due to 
differences between schools.  When school type was added in Model 2, the Catholic school 
estimate (with the Catholic school variable being a binary with 1 indicating Catholic and 0 
indicating public) was significantly positive (1.88, p<.05) indicating that Catholic school 
students on average score 1.88 points higher on mathematics achievement than public 
school students in 3rd grade.  However, adding school sector to the model did little to 
                                                 
16 The average of 49.38 is below the expected t-score mean of 50 due in part to the fact that other private 
school students aren’t included in the sample.  Those students are likely to have higher t-scores on average so 
removing them would lower the overall t-score mean.  
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explain the variation in achievement between schools or classrooms.  When students’ 1 st 
grade math t-scores were added in Model 3, the Catholic school estimate “flips,” and 
becomes significantly negative (-1.07, p<.05).  This indicates that, while Catholic school 
students’ raw mathematics t-scores are higher in 3rd grade than public school students’,  
public school students with similar 1st grade math t-scores actually make significantly 
greater gains than Catholic school students.  After the addition of the 1st grade math t-score, 
Model 4 explained a considerable portion (71%) of the variation in achievement between 
schools as well as between classrooms (79%) and within classrooms (53%).   These large 
reductions in variance drastically diminish the amount of additional variance that can be 
explained using the remaining models. 
Student, class and school demographics.   
Student demographics were added in Model 4 as control variables, and including 
these further reduced the Catholic mathematics achievement estimate which shows that 
public school students, on average, had a 2.08 (p<.001) point advantage over Catholic 
school students with similar demographics (including SES, gender, race/ethnicity, age and 
diagnosed learning problems)17.  As a specific example of how to read the table, Model 4’s 
intercept of 48 is the estimated mean mathematics t-score for a black female public school 
student who of average age and SES, and had an average 1st grade math t-score, and who 
does not have a learning problem diagnosed.  In order to determine the average score for 
an Asian male with the other defaults, you would simply add 1.59 (the estimate for male) 
and 3.01 (the estimate for Asian).   
                                                 
17 The student-level demographic data was very rarely missing in the ECLS-K dataset (see tabl e 5) so this 
cannot explain the large shift in the Catholic coefficient  
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Examination of the gender, SES and race coefficients do not contradict past research, 
namely that boys made greater mathematics gains than girls, higher SES students made 
greater gains than lower SES students, and students in the other racial categories made 
greater gains than African American students.  However, it should be noted that within-
group variation in mathematics test scores is greater than between-group variation, and 
there is a lot of overlap in test scores (Gutiérrez, 2008).  A finding that does go against 
common perception is that the coefficient for a child’s categorical age in months was 
significantly negative, indicating that older children made smaller gains on the 
mathematics tests than did younger children.     
When school size and location are added to Model 5, the only significant variable is 
the Large School binary variable, which is significantly negative (-0.77, p<.05) indicating 
that students in large schools with over 750 students have slightly smaller math test score 
gains than students in medium sized schools (150-750 students) which is the default.  It is 
also interesting to note that the estimate for small schools (<150 students) was about twice 
that for the large school variable, but it was not significant due to the small number of 
schools in that group.  Adding these variables caused the Catholic school estimate to 
decrease from -2.18 to -2.08, which is not a large change compared to the standard 
deviation of the mathematics t-score which is 10.  Given that the focus of this analysis is 
school effects, it likely is more sensible to compare changes in school estimates to the 
Catholic school-level standard deviation of 6.1, or perhaps the Catholic school-level 
standard deviation of mathematics test score gains, which is 3.8.   Still, throughout this 
analysis, the Catholic school estimates do not change drastically compared to these various 
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measures of standard deviation.  This issue will be discussed further in the limitations 
section . 
Finally, adding the school’s percentage of free- and reduced-price lunch eligible 
students and class percentage of students with special needs (in Model 6) reduced the 
Catholic estimate to -2.81.  Prior research has found that a school’s socioeconomic 
composition is related to student achievement within the school (or a “peer effect”) 
(Coleman, et al., 1966), and this is indeed seen in Model 6 when the school’s percentage of 
free- and reduced-price lunch eligible students and class percentage of students with 
special needs was added to the model.  Students in schools with lower income populations 
had lower math test scores than students in schools with higher income populations, even 
after controlling for individual students’ demographics.  In addition, the percentage of 
students receiving special education services in the classroom was negatively associated 
with student mathematics gains even after controlling for a students’ diagnosis of a 
learning problem.18   
Variables that appear advantageous for public schools 
All of the variable groups that reduced the gap between public and Catholic schools 
when added to the models are shown in Table 10.  If the negative Catholic coefficient is 
                                                 
18 Some researchers argue that the percentage of s tudents with disabilities is underreported in Catholic 
schools because these schools have different obligations and incentives to do so (Peterson & Llaudet, 2006).  
In order to determine if this variable might be biased in the ECLS-K sample, I compared the percentage of 
public school students whose parents reported that they have been diagnosed with a learning, speech or 
hearing problem with the percentage of Catholic school parents who report this, and found that 1.8 times 
more public school parents reported this (8.8% vs. 4.9%).  I then compared this to the average percentage of 
children with disabilities as reported by teacher in each sector and found that percentage of special education 
students reported in public school classrooms was 2.1 times that reported in Catholic school classrooms (or 
11.2% vs 5.3%).  This difference in ratios does indicate a possible slight underreporting in Catholic schools.  
To confirm the results of the study were not biased by this, I reran the final reduced model in the analysis 
(Model 15 in Table 11) and found that the Catholic coefficient was slightly larger (-2.35 vs. -2.48), but still 
highly significantly negative.     
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reduced in magnitude when another variable or group of variables is added, that indicates 
that this variable or group helps to “explain” the difference in performance between 
sectors.  This means that either the variable is an advantage for public schools (i.e. 
positively correlated with student achievement and also more common in public schools) 
or a disadvantage for Catholic schools (i.e. negatively correlated with student achievement 
and also more common in Catholic schools).  When these variables are added to the model, 
they are in a sense controlled for, and the Catholic coefficient then indicates the average 
test score difference between public and Catholic schools when all the other variables in 
the model are equal.  These categories of variables are discussed below.  
Teaching practices. One group of variables that increase the Catholic school estimate 
(and thus help “explain” the Catholic school lag) were the teaching practices variables, 
which were added in Model 7.  These narrowed the gap, increasing the Catholic estimate 
from -2.81 (in Model 6) points to -2.62 points (in Model 7).  Adding these variables to the 
model did reduce the deviance statistic significantly (p<.001) so they did reduce the lack of 
fit, and Model 7 is a better fitted model.  Of the variables added, the only one that was 
significant was the estimate for the reform-oriented practices composite.  This variable had 
an estimate of 0.48 (p<.05) which indicates that those teachers who reported using reform-
oriented practices more often had students with higher mathematics test score gains after 
controlling for demographics and prior test scores.  As noted in an earlier section, public 
school teachers reported using reform-oriented practices significantly more frequently 
than Catholic school teachers.  Therefore because reform-oriented teaching practices were 
more prevalent in public school classrooms and also positively correlated with 
mathematics test score gains, it makes sense that including these in the model would 
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increase the Catholic school estimate, and possibly help answer the research question of 
what factors might explain the large Catholic school disadvantage for these grades.  It is 
also worth noting, and will be discussed later, that the traditional practices composite is 
not related to achievement gains.   
Professional development.  When the variable measuring how much time teachers 
spent in mathematics workshops was added in Model 8, the Catholic school estimate was 
further increased from -2.62 to -2.58.  The professional development estimate itself, though 
positive, was not statistically significantly related to student achievement gains.  In 
addition, the deviance score change was not significant.  Therefore, results indicate that the 
greater prevalence of professional development in public schools does not substantially 
explain the difference between public and Catholic school students’ performance.   
Class climate.  The class climate variables measuring administrator and staff support, 
student misbehavior, and teacher satisfaction were added in Model 9.  These variables 
slightly increased the Catholic school estimate from -2.58 to -2.54, but none of the variables 
were significantly related to student test score gains, and the group of variables did not 
significantly add anything to the model as measured by the deviance statistic change.  
Therefore, it is unlikely that class climate, at least as measured in this study, can explain the 
difference in test score gains between public and Catholic school students.    
Teacher education.  Adding the three teacher education variables to the equation in 
Model 10 increased the Catholic school estimate from -2.54 to -2.27.  The only variable that 
was significant however was the one indicating that a teacher was not certified (p<.05) 
which had an estimate of -2.59, indicating that, all other factors being equal, students who 
had a 3rd grade teacher who was not certified would be expected to have a test score that 
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was 2.59 points lower than those with fully certified teachers.  Because Catholic school 
teachers are more likely to not be certified than public school teachers, it makes sense that 
adding this variable to the model would increase the Catholic school estimate and might 
explain some of the difference in mathematics test score gains between public and Catholic 
school students.  The change in the deviance statistic is significant (p=.008) indicating that 
the model with the teacher education variables is a better fitted model. 
Building characteristics.  Adding the schools’ percent capacity and if the principal 
reports that classrooms meet student needs increases the Catholic school estimate slightly 
more (from -2.27 to -2.25).  However, neither of these variables is significant and the Chi-
square statistic indicates that the deviance scores are not significantly different between 
this model and the previous one. Therefore, the addition of building characteristics to the 
model did little to explain any of the differences in mathematics test score gains between 
public and Catholic school students.   
Variables that help Catholic schools 
Table 11 shows the categories of variables that, when added to the model, decreased 
the Catholic school estimate for student mathematics test scores as compared to public 
school 3rd grade mathematics test scores.  This indicates that they were either positive 
correlates with achievement and also more prevalent in Catholic schools, or negative 
correlates that were less prevalent in Catholic schools.  When ratings of the neighborhood 
climate were added in Model 12, the Catholic school estimate decreased from -2.25 to -
2.28.  This is not a large change in the Catholic school estimate, and the estimate for the 
neighborhood climate composite is also not a statistically significant predictor of 
achievement in the model.  Likewise, adding the parental involvement variable indicating 
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the percentage of parents that attend other school activities did not change the Catholic 
estimate significantly (reducing it another .02 points to 2.30) and the estimate for parental 
involvement in other school activities was not a statistically significant predictor of 
mathematics achievement.  Finally, adding the variables indicating how much autonomy 
the teacher has in the classroom only decreased the Catholic estimate by .02 (to 2.32) and 
none of the autonomy estimates are statistically significant predictors of achievement.  For 
each of these categories of variables, the Chi-squared tests examining the deviance 
statistics are not significant, indicating that adding these groups of variables to the model 
does not reduce the lack of fit. 
Final Model 
A final model was run which includes all of the demographic and school descriptor 
variables, but only includes those explanatory variables that had a p-value of .10 or below 
in the full model.  This model was run to examine how variables that were significant or 
marginally significant affect the Catholic coefficient when all the confounding variables that 
were not significant are removed from the model. This will show a leaner and less 
complicated picture of the relationships involved.  The explanatory variables included in 
the model are the reform-oriented practices composite, the temporary or alternative 
certification variable, and the no certification variable.  The reduced model (Model 15) is 
shown in Table 11.  The Catholic school estimate in this model is -2.43, which is up from -
2.81 in Model 6.  While the deviance statistic is significantly different between Model 6 and 
Model 15 as seen by the significant Chi-squared value, the percent of the variation 
explained is pretty much the same for Model 6 as for Model 15.  The percent of between-
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class variation explained did increase from 75.5% to 76.1%, or about 2.5% of the 
remaining unexplained variation19.   
Additionally, the full model with all explanatory variables included was run on the 
reduced sample of students who were in the same school in 1st and 3rd grades (10,146 
students, 3,749 classrooms and 1,231 schools) in order to determine if the results are 
similar (see model 16 in Table 11).  I initially decided against focusing on this reduced 
sample because descriptive analyses of missing data revealed that a much larger 
proportion of the African American, Hispanic, and low-SES students are dropped from this  
sample due to changing schools (but not sectors) between 1st and 3rd grades.  Still, an 
analysis of this reduced sample was done to explore whether the general findings would be 
consistent or if excluding students who switched schools but not sectors would alter the 
overall findings.  Generally the results did appear similar, with one exception being that the 
variable for desks facing front was much more significant and the variable for reform-
oriented practices was less significant.  It seems possible that the variable indicating if 
desks are facing the front of the class is likely measuring more than just classroom layout, 
and also reflects the teacher’s teaching practices.  Hence, the “desk in rows” variable might 
be “absorbing” some of the significance of the reform-oriented practices composite20.    
                                                 
19 A large portion of the variation has already been explained by Model 3, when students’ 1st grade test score 
was added to the model.   It would also be expected that a large portion of the remaining unexplained 
variation is due to things that occurred in the second grade which we don’t have information on, as well as to 
unexplained variation in the data from things that haven’t been measured.      
20 Given that the desks in rows variable is positively correl ated with the traditional practices variabl e and 
negatively associated with the reform -oriented practices variable, including the desk arrangement variable 
may reduce the significance of the instructional practices variables.   
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School Sector and Race/Ethnicity Interactions 
Two-level HLM models with student- and school-level variables were run to examine 
if there are racial or socioeconomic interactions by sector as suggested by some (Coleman, 
Hoffer, & Kilgore 1982; Hoffer, Greeley & Coleman, 1985; Raudenbush & Bryk, 1986).  
However, none of the interaction terms even approached significance.  Results are shown 
in Table 12.  One likely explanation for the lack of significant results is the fact that there 
were not many students of different races and ethnicities sampled in the Catholic schools.  
For example, out of 1492 Catholic school students sampled, only 78 were black, 197 were 
Hispanic, and 82 were Asian.  Therefore, the findings for this part of the research question 
will be considered inconclusive.21     
Subscale and Curriculum Focus Analysis Results 
Information from ECLS-K manuals.  
Since the actual test items are not provided, the only other way of determining the 
focus of the mathematics assessments is to examine what the user’s manuals and 
psychometric reports say about the mathematics assessment focus.  What information is 
provided seems to indicate that the mathematics assessment is based largely on the 
reform-oriented practices that are more common in public schools, including problem 
solving, manipulatives, and estimation.  In fact, in the K-1st Grade Psychometric Report, it 
even states the following: 
“The mathematics test specifications shown in table 2-1 are primarily based on the 
Mathematics Framework for the 1996 National Assessment of Educational Progress 
(National Assessment Governing Board [NAGB] 1996a). The NAEP mathematics 
framework is itself largely based on the curriculum standards from the Commission 
                                                 
21 Reardon, Cheadle and Robinson (2009) also found in their analysis of the ECLS-K data that the small 
sample sizes limited their “ability to use the propensity score matching estimator to estimate effects by 
subgroups with any useful degree of statistical power.” (p.76)  
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on Standards for School Mathematics of the National Council of Teachers of 
Mathematics (NCTM 1989).” (Rock & Pollack, 2002, p.2-7). 
 
Other indications of reform-oriented items include a statement that the assessment 
contains “several items for which manipulatives were available for children to use in 
solving the problems (NCES, 2004, p.2-8).  Also, the rate and measurement category tested 
students’ ability to use “knowledge of measurement and rate to solve word problems.” 
(Pollack, Atkins-Burnett, Rock & Weiss, p. 4-22)  In addition, there was a greater emphases 
on problem solving in the 3rd grade than the in the previous grades (Pollack et al, p.4-19) 
which could explain the increase in relative performance of public school students as 
compared to Catholic school students.   Finally, even in the category of items listed under 
number sense and properties, which generally tend to be more straightforward, at least 
half involved “some aspect of estimation or mental mathematics” (Rock & Pollack, 2002, 2 -
8). 
Percentage of items by grade   
Table 1 lists the percentages of mathematics assessment items that fall into each of 
five categories which correspond to the teacher instructional focus categories, allowing for 
a comparison between teacher focus and item frequency.  An examination of Table 1 seems 
to indicate that the percentage of items measuring number sense and properties decr eased 
from 50% to 40% from 1st through 3rd grades.  This is the only category where Catholic 
school teachers report a similar focus to public school teachers.  The percentage of items in 
data analysis, statistics and probability remained at 10% from 1st through 3rd grades, and 
algebra and functions dipped slightly lower from 16% to 15% between 1 st and 3rd grade.  
While the test content in the various categories did shift somewhat between 1 st and 3rd 
grades, the category with the most items by far was number sense and properties in both 
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grades.  Still, the biggest shift in the percentage of test items between 1 st and 3rd grades was 
in the categories of measurement (from 15% to 20%) and geometry and spatial relations 
(from 10% to 15%).  The questions that remain include which curricular categories do 
public and Catholic school teachers report focusing more on, and do student subscale test 
scores reflect differences in focus?  
Teacher-reported curriculum focus.   
The ECLS-K asked teachers to report how often they focus on several different 
mathematics curriculum areas, and t-tests indicate that public school teachers reported 
focusing more on all areas (p<.001) except for numbers and operations (see Table 14).  
Teachers in public (96.2%) and Catholic (97.9%) schools almost all reported that they 
focus on numbers and operations “a lot” (or 4 on a 1-to-4 scale), and there was no 
significant difference in rating by school sector.  However, public school teachers reported 
focusing significantly more on the non-number mathematics strands, including 
measurement, geometry and spatial relations, data analysis, statistics and probability, and 
algebra and functions.  These four non-number strand variables were combined into a 
composite variable for several reasons (see Table 6).  First, the groupings made sense 
theoretically given that traditional mathematics practices focus primarily on numbers and 
operations, while NCTMs revised curricular goals include a greater emphasis on non-
number mathematics including measurement, geometry, data analysis, probability, and 
algebra (NCTM, 1989, 1991, 2000).  Second, the student subscale scores did not align with 
the five specific emphasis areas reported by teachers, and there was no statistical 
association between the emphasis areas and the student subscale scores as measured in 
the ECLS-k (see Table 13).  Finally, the Cronbach’s alpha reliability score of a composite 
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made up of all five practices was .701, and removing the numbers and operations variable 
increased it to .744, while removing any of the other variables would have reduced it 
significantly, indicating that the numbers and operations variable did not fit very well with 
the others.     
A series of four HLM models were run with the non-number mathematics focus 
rating as the outcome in order to examine differences by sector before and after controlling 
for demographic information, as well as after controlling for teacher characteristics.  This 
was done in order to determine if differences found by school sector can be explained by  
differences in school populations or teacher characteristics as discussed in the literature 
review as well as the methods section.  In addition, a similar set of HLM models were run 
with the numbers and operations classroom focus rating as the outcome.  Results are 
shown in Table 16.   
Non-number strand results.  Catholic school teachers reported focusing 
significantly less frequently on the non-number strand composite (p<.001) in all of the 
models.  Also, when the teacher characteristics were added to the last model, results 
indicate that the amount of time a teacher had spent in mathematics workshops was 
significantly positively related to a focus on non-number mathematics strands (p<.001), 
and being a new teacher with three years experience or less was significantly negatively 
associated with a focus on non-number mathematics (p<.01).  Finally, schools with a higher 
percentage of free- and reduced-price lunch eligible students focused more on non-number 
strands (p<.01) while classrooms with a greater percentage of special education students 
focused less on these strands (p<.01).     
86 
Numbers and operations strand results.  First, it is important to reiterate that 
almost all teachers reported focusing on this strand “a lot”, so there is little variability in 
the results.  Still, Catholic school teachers reported focusing significantly more often on the 
numbers and operations strand (p<.05) in the model with only school sector as well as in 
the final model with all the demographic and explanatory teacher-level variables, but not in 
the model with only demographic information included.  Other interesting findings are that 
teachers in small and rural town schools focused more on numbers and operations and less 
on the other non-number strands than teachers in large city schools.      
Overall, when examining these results in comparison to the percentage of ECLS-K 
items by grade-level listed in Table 1, there does seem to be a correspondence between 
shifts in the types of test items between 1st and 3rd grades and sector gain differences 
examined previously.  It is interesting to note that public school teachers report focusing 
more on the non-number strands which correspond with the categories of items that 
became more prominent in the 3rd grade assessment (e.g. measurement and geometry).  
However, is teachers’ reported focus accurate or could it simply reflect a greater awareness 
than Catholic school teachers regarding what parts of their lessons reflect these strands 
due to more time spent in professional development?  To get a clearer picture, I next 
examined if teacher-reported instructional focus relates to student subscale score 
achievement.  While the student subscale score categories available in the ECLS-K data do 
not directly correspondence with teacher-reported curriculum focus, examining 
relationships between them and reported curriculum focus will still give some indication of 
whether or not teacher reports do relate to student test score gains by category.   
87 
Student subscale proficiency ratings.   
Results of the t-tests comparing public and Catholic school students’ scores on the 
various subscales indicate that —when demographics were not accounted for— Catholic 
school students scored higher on three of the four subscales examined (add/subtract, 
multiply/divide, and place value) with p<.001, while there was no significant difference in 
performance by sector for the rate and measurement subscale. See Table 15 for these 
results.  
 In order to examine differences by sector in student subscale score performance 
and help determine what demographic and teacher instructional focus factors might be 
influencing these differences, HLM models were run with each of the four student subscale 
scores as the outcome variable (see Tables 17 and 18).  For each subscale score ou tcome, 
Model 1 included only the 1st grade subscale score and the Catholic binary variable, Model 
2 added demographic information at the student-, class-, and school-level, and Model 3 
added the frequency of teacher focus items (number sense/properties and non-number 
mathematics).   
Add/subtract subscale.  Results from the HLM models with the add/subtract 
subscale score as outcome indicate that Catholic school students had larger raw test score 
gains than public school students from 1st through 3rd grade, but that public school 
students outperform Catholic school students in addition and subtraction when 
demographic variables are included in the model (p<.05).  The estimates are very small for 
this subscale because most students are considered proficient in this area as is seen in 
Table 2, with the mean subscale proficiency probability score of 0.96 (with a standard 
deviation of 0.11) so there is not a lot of variation in this variable as there is with the other 
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subscale scores examined.  The change in the Catholic estimate when demographics are 
added to the model is from .009 to -.013, but when teacher mathematics focus variables are 
added, the Catholic estimate increases from -.013 to -.008 and becomes insignificant, 
indicating that a difference in focus might help explain some of the public school students’ 
greater performance in this subscale score.  Examination of the teacher focus variables 
indicates that a greater focus on numbers and operations has a small but significantly 
negative estimate while a focus on non-number mathematics has a small but significantly 
positive estimate (p<.05 for both).   
Multiply/divide subscale.  In the initial model, there is no difference in the 1st 
through 3rd grade gain for the multiply and divide subscale score by school sector.  
However, when demographic information is added in Model 2b, the Catholic estimate 
decreases from .04 to -.08 and becomes significant (p<.001) indicating that when 
demographic factors are equal, Catholic school students have smaller test score gains in 
this subscale area.  An estimate of -.08 indicates that while the intercept for public school 
student with all the default characteristics (black, no learning disability, average SES, large 
city school, mid-sized school, and average percent lunch and special education percent) is 
.68, indicating about 68% chance that this student is proficient in multiplying and dividing, 
a Catholic school student with the same background is only 60% likely to be proficient.  
When teacher mathematics focus is added in Model 3b, the Catholic estimate increased 
from -.08 to -.07 indicating that the teacher focus variables might at least partially explain 
the difference in the multiply/divide subscale gains by school sector.  Also, the focus on 
non-number mathematics estimate was significantly positive (p<.001) while the focus on 
numbers and operations estimate was not.   
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Place value subscale.  Results for this subscale are similar to those for the 
multiply/divide subscale, in that there is no difference in the raw 1st through 3rd grade gain 
for the multiply and divide subscale score by school sector but that the Catholic estimate 
decreases from .05 to -.12 and becomes significant (p<.001) when demographic variables 
are included in the model.  Also, when teacher mathematics focus is added in Model 3c, the 
Catholic estimate increases slightly (from -.12 to -.11) indicating that the teacher focus 
variables might at least partially explain the difference in the place value subscale gains by 
school sector.  The estimate indicating a focus on non-number mathematics was 
significantly positive (p<.001) while the focus on numbers and operations estimate was 
not. 
Rate and measurement subscale.  Results for this subscale are again similar to 
those for the ones above in that there is no difference in the raw 1st through 3rd grade gain 
for the rate and measurement subscale score by school sector, but that the Catholic 
estimate decreases from .00 to -.09 and becomes significant (p<.001) when demographic 
variables are included in the model.  This indicates that when demographics and 1st grade 
subscale score are equal, public school students score higher on the rate and measurement 
subscale score in 3rd grade than Catholic school students.  However, when teacher 
mathematics focus is added in Model 3d, the Catholic estimate remains the same indicating 
that the teacher focus variables likely do not explain the difference in the rate and 
measurement subscale gains by school sector.  The estimate indicating a focus on non-
number mathematics was significantly positive (p<.01) while the focus on numbers and 
operations estimate was not. 
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Influence of teacher focus on overall mathematics t-score.  
HLM models were run in order to examine if the overall Catholic and public school 
mathematics t-scores can be explained in part by teacher emphasis in the classroom (see 
Table 19).  A series of HLM models were run with 3rd grade math t-score as the outcome, 1st 
grade math t-score and demographic variables as controls, and teacher focus variables as 
the explanatory variables.  When adding the teacher focus variables, I first entered them 
individually in order to see how much each shifts the Catholic school variable, or “explains” 
the difference in test score gains.  Then I ran a model with the non-number composite 
variable and the numbers and operations teacher focus variable together in order to 
examine how teacher focus overall influences math t-score gains in the ECLS-K 
assessment22.   
When entered separately into the models (models E-H), all of the non-number 
strand teacher focus items are significantly positive (p<.05) with estimates between .31 
and .40, while the numbers and operations focus is negative and insignificant with an 
estimate of -.42.  This indicates that, when demographics and prior test score are equal, 
teachers who report focusing on the non-number strands more often have students with 
greater 3rd grade mathematics t-test scores than those who report focusing less on these.  
While the estimates for all of the non-number strand items are about equally significant, 
their effect on the Catholic school estimate when added to the model differs.  This indicates 
that, while a focus on each non-number strand individually has about an equal effect on a 
student’s math t-test score, there is some variation in the difference of focus between 
                                                 
22 No model was included with all 4 non-number strand focus variables together because the correlations 
between these variables were too high and issues with mul ticollinearity would arise, leading to inflated 
standard errors that make all of the variables seeming insignificant.  
91 
public and Catholic school teachers on the four practices which leads some to be more 
influential in explaining the difference in performance.  The item with the most influence 
on the Catholic estimate is the frequency of focus on geometry and spatial relations, which 
increases the Catholic estimate from -2.97 in Model B with demographics and 1st grade 
score to -2.84 in model F.  Adding the frequency of data analysis, statistics and probability 
also increases the estimate to -2.89, while adding the frequency of either the measurement 
focus, or algebra and functions focus increases the estimate to -2.91.  The increase in the 
Catholic coefficient for these variables indicates that these curricular areas are positive 
correlates of mathematics achievement as measured in the ECLS-K assessments, and also 
are less prevalent in Catholic school classrooms.  While we saw that the biggest difference 
between Catholic and public school teaching was in the area of geometry and spatial 
relations (see Table 14), these findings indicate that this is also the curricular focus area 
that in a sense explains the largest amount of the gap in mathematics test score gains 
between public and Catholic school students.  A model was not run with all the focus items 
together due to the high correlation between the non-number focus items, but a model was 
run with the numbers and operations focus item as well as the non-number focus 
composite (see Model C).  The frequency of numbers and operations focus was still 
negative but not significant (-.61), but the focus on nun-number composite was .68 and 
significant (p<.01).  Also, the Catholic estimate increased from -2.97 to -2.80, indicating that 
the teacher focus overall does help explain the Catholic school students’ smaller ECLS-K 




Summary of Findings 
In this dissertation I have attempted to answer several questions.  First, do public 
and Catholic schools differ in early elementary school, and if so, how?  Second, do any 
differences found help explain why public school students seem to make greater progress 
than Catholic school students in mathematics achievement between 1st and 3rd grade?  
Finally, I examined teacher curricular focus, student subscale score performance, and the 
concentration of items in the ECLS-K mathematics assessment to determine if Catholic 
school students’ smaller mathematics test score gains can be explained by a mismatch 
between what is learned and what is tested. 
Public and Catholic school characteristics 
This study’s examination of several areas—including curriculum and instruction, 
parental involvement, professional development, class and school climate, building 
characteristics, teacher autonomy and teacher characteristics—revealed that public and 
Catholic schools do differ in several (expected) ways.  Just as interesting though were 
several findings indicating there was no difference by school sector although prior research 
suggested a difference might be expected.    
Curriculum, instruction and teacher characteristics.  As would be expected from 
prior literature (e.g. Bodovski & Farkas, 2007; Carbonaro, 2006; Chandler, 1998; Lubienski, 
Lubienski & Crane, 2008), Catholic school classrooms were found to be taught using more 
traditional methods such as more frequent use of textbooks, less frequent use of 
manipulatives and calculators, and more classrooms with desks facing the front.  Catholic 
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classrooms also had somewhat larger class sizes, which has been found in prior research 
but goes against common knowledge, likely because other religious and nonsectarian 
private school classrooms do have significantly fewer students (Coleman, Hoffer & Kilgore, 
1982).  Finally, while public and Catholic school teachers had similar levels of experience, 
public school teachers on average had higher levels of education, greater certification rates, 
and also reported almost twice as many hours in mathematics workshops over the past 
year than Catholic school teachers, confirming previous studies (e.g. Anderson & Resnik, 
1997; Gruber et al, 2003; U.S. Department of Education, 2004).   
Classroom and school climate.  Prior research and theory suggests that Catholic 
schools have a more positive climate than public schools (e.g. Anderson & Resnick, 1997; 
Kemerer, Martinez & Godwin, 1996), and this held true in some respects, but not others.  
Catholic school teachers reported more administrator and staff support, less student 
misbehavior, and higher overall teacher satisfaction even after student demographics (i.e. 
student free- and reduced-price lunch eligible percentage, and special education 
percentage) were taken into account.  The significance of the results did decrease when 
demographics were included in the model, particularly with the student misbehavior and 
staff support composites, indicating that the Catholic school advantage in classroom 
climate is at least partially explained by the student composition.  Finally, Catholic school 
teachers also reported more autonomy in the classroom in terms of control over the 
curriculum, paperwork interfering with teaching, and job security being tied to 
standardized tests.   
In contrast to the classroom-level findings, the school-level findings regarding 
school climate told a different story.  First, while average daily attendance in Catholic 
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schools was higher than in public schools, there was no difference when student 
demographics were included in the model.  Also, while public schools did tend to have 
more security measures like window and door bars and security guards, this did not hold 
true when student demographics were added to the model.  These findings confirm 
research suggesting that public and Catholic schools with similar student populations in 
fact have similar school climates, at least in regards to daily attendance and security 
measures (Goodard, Tschannen-Moran & Hoy, 2001; Lubienski, Lubienski & Crane, 2008).  
In addition, public and Catholic schools had similar climate ratings on measures such as 
decorated hallways, attentive teachers and staff, and order in the classrooms as judged by a 
trained outside observer even before school demographics were accounted for.  This is 
somewhat surprising given the common perception of public schools, particularly those in 
poorer areas, as falling apart and failing.  This composite variable in particular is likely 
more accurate than the principal- and teacher- reported variables, which may have more 
subjective responses since the outside observers hired by the ECLS-K are trained to be 
consistent across schools.   
These findings regarding school climate are especially striking given the many 
reasons one might expect Catholic schools to have more positive school climates than 
public schools.  Even controlling for student demographic differences, one might still 
expect Catholic schools to have a more positive school climate on average due to the fact 
that parents are electing to pay for their children to attend, not to mention other possible 
advantages brought forth in the literature such as having an inspirational ideology and 
communal organization (Bryk, Lee & Holland, 1993).  However, public elementary schools 
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appear to be on-par with Catholic schools on some key school climate measures even 
before demographics are accounted for in the model.   
Neighborhood climate.  Catholic schools tended to have a more negative 
neighborhood climate when student demographics were included in the model.  This 
makes sense because the student population in a Catholic school is likely to be made up of 
the more well-off children in the neighborhood whose parents can afford to pay tuition 
while the public school population more closely mirrors the surrounding neighborhood.  
Therefore, a Catholic school with a 20% free- and reduced-price lunch eligible population is 
likely in a much more economically challenged neighborhood than a public school with the 
same percentage.  However, even before student demographics are included in the model, 
Catholic schools had a slightly lower neighborhood climate composite (though not 
significantly so).  This might be because public schools in more disadvantaged 
neighborhoods tend to be less well funded and perform more poorly, thus creating a 
demand for private school options in the area for the more well-off residents to “escape” to.  
This is also reflected in the finding that a larger percentage of Catholic schools are located 
in large cities. 
Parental involvement.  The findings regarding levels of parental involvement in 
public and Catholic schools are mixed.  When raw reports are examined, Catholic school 
teachers do rate parental involvement as higher in all four categories examined (attending 
conferences, volunteering regularly, attending other school activities, and supporting 
school staff).  However, when student demographics are included in the regression 
equations, all become insignificant except for the number of parents who attend other 
school activities.  This finding challenges prior researchers’ claims that Catholic school 
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parents are more involved because of factors within Catholic schools such as smaller size 
and lack of bureaucracy that lead to a climate of trust that promotes parental involvement 
(Bryk, et al., 1993; Bryk & Schneider, 2002; Muller, 1993) and confirms research that 
suggests that higher parental involvement in Catholic schools may have more to do with 
the types of students who typically attend these schools rather than something specific to 
the schools’ culture (Rothstein, Carnoy & Benveniste, 1999). 
Building characteristics.  As would be expected given previous research, Catholic 
schools tend to be smaller than public schools (Anderson & Resnick, 1997; Choy, 1997).  
Catholic schools were also less likely to be near capacity than public schools, indicating 
they are less often overcrowded, but also possibly indicating that they may have trouble 
recruiting students to fill all of the seats.  Finally, while Catholic school principals were 
more likely to report that their physical classroom space meets student needs than did 
public school principals, there was no significant difference when student demo graphics 
were included in the model.  This suggests that the quality of the classroom space for 
meeting student needs is influenced by the affluence of the school’s student population.  
Because of this, public schools with classroom spaces that do not meet student needs are 
those with more low-income students, while public schools with a similar student 
population to Catholic schools are just as likely to have classrooms that meet student 
needs.  Sadly, given the nature of school funding being driven largely by local property 
taxes, this finding is not particularly unexpected. 
Predictors of student achievement gains (HLM results) 
The first thing that is interesting to note is that, while Catholic school students have 
higher raw test scores than public school students overall, their advantage disappears, and 
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even reverses, when 1st grade math test scores are included in the model—even before 
demographics are added.  This indicates that, of two children with similar math scores in 
the spring of 1st grade, the student in public school would be expected to make greater 
gains in math scores by the spring of 3rd grade, regardless of their background.  After 
demographic variables are included in the model, the Catholic school coefficient drops even 
further.  Still, some researchers would argue that the inclusion of demographic variables 
does not fully account for the differences in student populations between public and 
Catholic schools.  They have argued that there are unobservable traits as well that give 
private school students an advantage which are not typically controlled for in the research 
(Goldberger & Cain, 1982).  For example, parents of private school students have 
demonstrated a commitment to education by going through the effort of choosing a school 
and also paying a significant amount of money to send their children there.  Given their 
investment in their children’s schooling, it is likely they expend effort in other unobserved 
ways to ensure their children benefit from their investment, such as monitoring homework 
or limiting television (Altonji, Elder & Taber, 2005).  Given the many advantages of Catholic 
school students, both accounted for in the model and unobserved, this finding that public 
school students make greater gains is striking and indicates that there really is a 
fundamental difference between public and Catholic school students’ test score gains that 
needs to be examined and explained. 
Some notable trends (control variables – descriptor and demographic) 
This section briefly describes several findings from the variables that were not the 
primary focus of the analysis but seem noteworthy nonetheless.  These include findings 
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regarding student-, class- and school-level demographic variables, as well as findings 
regarding school location.   
Consistent with prior research, socioeconomic status was a strong predictor of 
mathematics achievement gains in all the models, as was being male (LoGerfo, Nichols & 
Chaplin, 2006; McGraw, Lubienski & Strutchens, 2006).  Examination of the race/ethnicity 
variables also indicates significant differences in mathematics test score gains, though it is 
important to note that there was a great deal of similarity in test score gains across 
race/ethnicity categories.  One consequence of having African American students a s the 
default group when creating race/ethnicity categories is that we can see which other 
racial/ethnic groups have significantly different math test score gains than African 
American students—something that would be much more difficult to tease apart if white 
students were the default group.  For example, if white students had been the default group 
in this study, it would not have been clear if Hispanic students had significantly different 
gains than African American students. With African American students as the default group, 
it is striking how the coefficients for the other racial/ethnic groups look more similar than 
different, as all are strongly positive (with Hispanic students’ score gains being closer to 
those of White students than of African American students).  Given these findings it is 
important that future researchers not group “minority” students together (as was done by 
Peterson & Llaudet, 2007) because there are differences in mathematics performance 
within this broad category, and likely different explanations for disparities, not only 
between but within each race/ethnicity group (Gutierrez, 2008; Lubke, Dolan, Kelderman 
& Mellenbergh, 2003).     
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Interestingly, age was found to be negatively associated with mathematics gains in 
all the models, which suggests that younger children actually made more gains in 
mathematics than older children who started off ahead.  This is relevant because it suggests 
that the recent trend to hold children back from starting school may not necessarily give 
them an academic advantage in math in the long run and might actually be a disadvantage 
(Manzo, 2008).  They might start off with higher mathematics scores but essentially end up 
losing their edge.  
Children with a learning problem diagnosis make significantly smaller math gains 
than their non-diagnosed peers.  However, more interesting is that learning disabled 
students in classrooms with a higher percentage of other students with a special education 
diagnosis make smaller gains than their similarly diagnosed peers in classrooms with a 
smaller percentage.  There are several explanations and possible implications for this 
finding.  One possible explanation is that there are many different types of learning 
problems, and that students with more minor diagnoses are more likely to be placed in 
mainstream classrooms.  Therefore the variable indicating the percentage of special 
education students is really serving as a proxy for the severity of a students’ diagnosis.  
Another possible implication however is that students with learning disabilities who are 
placed in mainstream classrooms fare better academically than those who are segregated.    
Explanatory variables’ effect on achievement gains and the Catholic estimate 
This section outlines the main findings in relation to the research questions.  After 
entering the 1st grade math test score and student, class, and school demographics , the 
majority of the variation in achievement was explained and the addition of other variables 
did not have any dramatic impacts on the Catholic school estimate.  Certain categories of 
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variables did increase the Catholic school estimate to some degree, but these did not fully 
explain the public/Catholic school gap in test score gains.   
Most of the explanatory variables in the models turned out to be insignificant, which 
is not completely unexpected given the many sources of “noise” in the data.  In particular 
for the class-level variables, the fact that I am trying to explain spring of 1st grade through 
spring of 3rd grade test score gains without any 2nd grade classroom data available makes 
finding significance more difficult.  Similarly, for the school-level variables, the fact that 
some students who were included in the analysis changed schools (though not sectors) 
adds noise to the data.  These students were included to prevent a large number of 
students, particularly those from lower SES households, from dropping out of the analysis.  
Finally, the data are based largely on teacher and principal surveys, and the subtleties of 
children’s key school experiences are difficult to measure with such instruments.  Given 
these limitations, it is likely that when a relationship between a school factor and student 
achievement was found to be significant in this study, the actual magnitude of that 
relationship could be much more substantial than what is indicated here.   
First, results indicate that large schools had students with significantly smaller math 
test score gains from 1st through 3rd grade than did medium-sized schools.  This confirms 
recent research findings that large elementary schools tend to be less effective than smaller 
schools.  It is also worth noting that the math test score gains for small schools were 
smaller than that for other schools but the results were not significant, which is possibly 
due in part to the small sample size for the schools (n=69). This seems to go against 
arguments for small schools (e.g. Bryk & Schnieder, 2002) and confirms findings that there 
is a non-linear relationship for the “average” student between school size and achievement, 
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at least in early elementary school (e.g. Borland & Howsen, 2003).  Finally, the percentage 
of free- and reduced-price lunch eligible students in a school was significantly negatively 
associated with mathematics achievement gains even after the individual students’ SES was 
taken into account, indicating a possible peer effect.  Another possible explanation for this 
finding is that schools with a greater concentration of lower income populations are of a 
poorer quality than those with higher income students.  This is supported in the models by 
the fact that the estimate for the free- and reduced-price eligible lunch variable was 
reduced when teaching practices and teacher characteristics were added to the models, 
indicating that these factors help explain the poorer performance of students in these 
schools. 
The main classroom-level variable that was significant across models is the reform-
oriented classroom practices composite, which was made up of teachers’ responses to how 
often they have students: 
 Discuss solutions to math problems with others 
 Talk to class about math work 
 Work on problems that reflect real-life situations 
 Write about how to solve a math problem 
 Use measuring instruments 
 Work on math in groups 
 Work on math projects or write reports 
The estimate for the reform-oriented practices composite was significantly positive 
in all models, indicating that teachers who report that they engage more often in these 
practices have students who make greater gains in mathematics in early elementary school.  
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These findings support past research that suggests that reform-oriented teaching practices 
can be beneficial for students (e.g. Lubienski, 2006; Riordan & Noyce, 2001; Senk & 
Thompson, 2003) and helps inform the current debate over whether mathematics should 
be taught using traditional methods or those suggested by the NCTM.   
Interestingly though, the estimate for the traditional practices composite (made up 
of the frequency with which students take math tests, use worksheets, and use textbooks) 
is not significant.  While this null finding may indicate that there is no harm to using more 
traditional practices, there are other possible explanations that should be considered.  
First, although a factor analysis initially grouped these three practices together (use of 
tests, worksheets and textbooks), the composite had a relatively low alpha reliability score, 
suggesting that these practices do not fit together as cleanly as the reform-oriented 
practices did.  This makes sense given that there are many reform-oriented textbooks and 
their corresponding “worksheets” that look very different from traditional textbooks and 
worksheets.  Therefore, teachers’ reports of using textbooks and worksheets does not 
necessarily indicate a teacher-directed, drill-oriented instructional focus as clearly as it 
might have 15 or 20 years ago.  In that light, it is not surprising that this composite does not 
consistently correlate with student achievement gains.  
This finding goes against previous research using the ECLS-K kindergarten data 
where Guarino and colleagues (2006) found that teacher reported emphases on traditional 
practices and computation (as well as measurement and advanced topics, advanced 
numbers and operations, and student-centered instruction) was positively associated with 
mathematics test score gains in kindergarten.  Their methods differed in several key ways 
to the current research.  First, their focus was on Kindergarten students, so their results 
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may indicate a difference in effectiveness based on the age of the students.  Second, they 
used different methods in creating their composite variables, and therefore came up with 
different groupings.  While I examined teaching practices and curricular content separately, 
they grouped all of these items together before running a factor analysis.  Therefore, their 
composite variables include mixtures of content focus and teaching practices.  Specifically, 
their traditional composite variable included not only the three items that were in mine, 
but also the teacher’s reported focus on computational skills such as adding and 
subtracting single-digit numbers.   
This study’s addition of teaching practices variables to the model increased the 
Catholic estimate, suggesting that the reform-oriented teaching practices that are positive 
correlates of achievement and are also found to be more prevalent in public school 
classrooms do help explain some of the superior 1st through 3rd grade mathematics gains of 
public school students over their Catholic school peers. This finding was also hinted at in 
studies using the NAEP data that found that students with more traditional views of math 
had lower test scores (Lubienski, Lubienski & Crane, 2008).   
The only other variable that is significant in most of the models is the teacher’s 
certification status.  Findings indicate that teachers with no certification have students who 
do not gain as many points on mathematics tests.  This is found after including 
demographic information in the model so it is unlikely that this result is due to teachers 
with no certification being assigned to under-resourced schools or children who make 
fewer gains for other reasons.  This finding confirms past research findings suggesting that 
teacher certification does improve student learning (e.g. Goldhaber & Brewer, 2000; 
Lubienski, Lubienski & Crane, 2008).  There have been heated debates over whether or not 
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teacher certification matters (Darling-Hammond, Berry & Thoreson, 2001; Goldhaber & 
Brewer, 2001).  This analysis using longitudinal data suggests that teacher certification 
does relate to student mathematics test score gains in elementary school.  In addition, the 
smaller percentage of certified teachers in Catholic schools may in fact help explain the 
disparity in mathematics test score gains between Catholic and public school students.  
That is, in the models we see that the Catholic school estimate increases when the teacher 
education and certification variables are added to the model.  This indicates that teacher 
education, and in particular certification levels (which are found to be significantly lower in 
Catholic schools and also positive correlates of achievement), do help explain some of the 
lag in the math test score gains of Catholic school students as compared to public school 
students. 
Overall, the Catholic school estimate remains significantly negative even after all of 
the explanatory variables are added to the model, so the gap in math score gains in early 
grades between Catholic and public schools has not been fully explained.  On the other 
hand, if 2nd grade information on curriculum and instruction, teacher certification, or 
possibly other variables had been available, this would likely have improved the ability of 
the models to explain the difference.   
Race and ethnicity interactions 
None of the interaction terms for race and SES by sector were significant, but it is 
important to note that this does not definitively prove that there is no effect.  The sample 
size for Catholic school students in several of the racial categories was very small, making it 
difficult to reach significance with the current sample.  Other researchers using the same 
database have also failed to find evidence of differential effects by school sector (e.g. 
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Carbonaro, 2006; Reardon, Cheadle & Robinson, 2009).  It is interesting to note that the 
SES interaction term is very close to 0, indicating that neither sector is likely better or 
worse at teaching math to students of low or high SES.  Also, the direction of the estimates 
for the racial categories does not contradict past research suggesting that Hispanic 
students fare better in Catholic schools than other groups, while Asian students fare worse 
(Coleman, Hoffer & Kilgore 1982; Hoffer, Greeley & Coleman, 1985).  Still, these findings 
seem to indicate that if there is an interaction effect, it is not all that large.   
Subscale and teacher focus results 
Analysis of the ECLS-K manuals indicates that the mathematics assessment includes 
items that reflect some of the reform-oriented practices promoted by the NCTM, and is 
even modeled after the NCTM Standards in an indirect way.  This would indicate that public 
school students might have an advantage over Catholic school students in answering these 
items because their teachers not only report using more reform-oriented practices in the 
classroom, but have also had more exposure to these newer methods through certification 
programs and mathematics workshops.    
The table showing the percentage of items by grade and category in the ECLS-K 
mathematics assessment (Table 1) indicates that the categories of items that increase in 
frequency from 1st through 3rd grade assessments are largely the ones that reflect NCTM’s 
suggested reform-oriented curriculum, namely measurement and geometry and spatial 
relations).  At the same time the category that decreases in emphasis is the only one that is 
more traditional sounding (number sense and properties), though based on the description 
in the ECLS-K manuals, even some items in this category likely have a reform-oriented spin.        
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Teacher curriculum focus results.  Findings from the HLM analysis indicate that 
public school teachers report using more reform-oriented teaching practices such as 
having students work with measuring instruments and manipulatives, work in groups, and 
discuss solutions to math problems.  Therefore, it is not surprising that public school 
teachers also report focusing more on the non-number mathematics strands that are 
promoted by NCTM, including measurement, geometry and spatial relations, data analysis, 
statistics and probability, and algebra and functions.  Further examination indicated that 
there are other variables that may mediate this relationship between school sector and 
curriculum focus. 
The primary variable that likely explains some of the public school teachers’ greater 
focus on non-number strands is the time spent in mathematics workshops.  Findings 
indicate that teachers who spent more time in mathematics workshops over the past year 
(as public school teachers generally did) also reported spending more classroom time 
teaching the non-number strands.  This would be expected because most professional 
development programs likely reflect the NCTM Principals and Standards (2000), which 
push for more of a focus on the non-number strands.  There is a possibility, however, that 
the teacher self-reports regarding a more frequent focus on the non-number strands 
reflects the amount of awareness of the topics because of recent professional development 
and not necessarily more of a focus in the classroom.  For example, two teachers might be 
teaching the same lesson on time or temperature, but the one who has not recently learned 
about measurement might not immediately classify their lesson under this category rather 
than simply number sense and properties.  Still, findings regarding student subscale score 
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gains (as discussed below) do suggest some relationship between teacher reports of 
curriculum focus and student outcomes.   
Another finding is that newer teachers with three or fewer years of experience 
report focusing less often on the non-number strands.  This finding was somewhat 
surprising given that these teachers are mostly recently certified and therefore likely 
learned to teach math using the NCTM techniques, which would focus on the non-number 
strands.  On the other hand, research has shown that newer teachers often struggle in the 
classroom so it seems reasonable that they are just trying to teach their students what they 
feel are the most important topics and/or what they are most comfortable with teaching 
(Clotfelter, Ladd & Vigdor, 2007; Rowan, Correnti & Miller, 2002). 
Overall, including the teacher background and education variables in the model with 
frequency of non-number focus as the outcome increased the Catholic school estimate, 
indicating that these variables at least partially mediate the relationship between school 
sector and curricular focus.  In other words, one reason that Catholic school teachers report 
focusing less on non-number strands is because they receive less professional development 
than public school teachers.  Catholic school teachers are not more likely than public school 
teachers to be new to the teaching field, so while teacher experience influences a teacher’s 
focus on non-number strands, it is unlikely to explain the difference in focus between the 
public and Catholic school teachers.   
These results indicate that Catholic school teachers more often view their role as 
simply teaching about numbers, while public school teachers focus more on reform-
oriented practices endorsed in the NCTM Principals and Standards (2000). Similar results 
were found in a prior study using cross-sectional NAEP data (Lubienski, Lubienski & Crane, 
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2008).  The next question addressed was whether or not teacher focus was related to 
student subscore gains.  
Student subscale proficiency results.  While Catholic and public school students’ 3rd 
grade subscale score gains were roughly equivalent in all areas except for adding and 
subtracting (where Catholic students scored higher), when demographic variables were 
added to the models, it was seen that public school students significantly outperform 
Catholic school students with similar demographics on all subscale categories measured 
(add/subtract, multiply/divide, place value, and rate and measurement).  In addition, a 
greater focus on the non-number mathematics strands was associated with gains in all of 
the subscale categories.  This indicates that the teacher ratings of curricular emphases do 
likely reflect a difference in actual practice and not simply a greater awareness of the 
different mathematics strands in a lesson due to a greater amount of professional 
development or a requirement to list skills targeted in a lesson plan.   
Another interesting finding is that a focus on number sense and properties did not 
seem to either hurt or help student gains in most subscales.  One reason for this is that the 
category is negatively skewed, with almost all responses at the high end.  While almost all 
teachers report “a lot” of emphasis on this curricular focus, there is likely a bit of variation 
in actual practice of how much emphasis is actually placed within this “a lot” category 
which cannot be measured.  Still, results indicate that a focus on number sense and 
properties is not likely to be detrimental to students’ mathematics test score gains for most 
subscales.  The only exception to this is the subscale related to adding and subtracting, 
where a greater focus on number sense and properties was related to smaller test score 
gains.  One might argue that this result could be due to reverse causation, with students 
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who do not do well on basic skills like adding and subtracting having teachers who focus on 
more on the “basics” of number sense and properties, thus leading to a reverse 
relationship.  However, since the model accounts not only for student demographics, but 
also prior test score performance, it is unlikely that reverse causation is the culprit in this 
case.  Further research needs to be done using more precise variables in order to 
determine why there seems to be this negative relationship between a teacher’s focus on 
number sense and properties and a student’s test score gains in addition and subtraction.   
The results from the subscale and teacher focus analysis suggest that young public  
school students are outpacing Catholic school students in part because of a closer match 
between public schools teachers’ curricular emphases and what is being tested.  The ECLS -
K assessments are partially based upon the NCTM Standards, with the percentage of non-
number strand questions increasing from the 1st through 3rd grade assessments.  Teachers 
who report focusing more on the non-number mathematics strands (as public school 
teachers do) have students with greater test score gains. Still, causation cannot be 
conclusively determined by these findings.  It could, indeed, be that public school students 
are more familiar with the content of questions asked on the assessments than are Catholic 
school students, because public school students focus more on that content in their 
mathematics classrooms.  On the other hand, it is also possible the reform-oriented 
practices that likely accompany a focus on non-number strands are more effective and 
would lead to higher test scores regardless of the assessment used.  Finally, a third 
possibility is that there is some other unmeasured factor that has led to the increase in test 
scores by public school students, and the teacher focus and type of test items are simply 
correlational.  For example, public school students are first assessed using standardized 
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tests in the 3rd grade, so their improvement on the ECLS-K mathematics assessment could 
reflect test preparation that is done in public schools.   
Limitations 
The ECLS-K is a rich and extensive longitudinal database with an abundance of very 
valuable information from multiple sources across multiple time points.  Still, there are 
several limitations of any analysis using this data that should be noted.   
Like most datasets, the ECLS-K is missing pieces of data for some students, teachers 
and schools.  Weights are designed to reduce bias associated with non-response by 
adjusting for differential nonresponse, but they only account for participants who are not 
located or refuse to respond to entire sections, but not for students or teachers who only 
skip certain questions, such as teaching practice ratings.  Because of this, I chose to remove 
cases that were missing key variables in the analysis, such as mathematics test scores and 
school sector, and impute less critical variables rather than have those students be dropped 
from the analysis completely.  I ran models throughout the analysis to examine if the 
students with imputed data are significantly different from those without, and none of 
these ended up being significant, which was reassuring, but it is still possible that the 
dropped or imputed data altered the results of the analysis.    
Another problem with the ECLS-K dataset as it relates to my analysis is that there is 
no data collected in the 2nd grade.  Therefore, while I used a pretest score from the spring of 
1st grade when examining test score gains through spring of 3rd grade, I had no access to 2nd 
grade classroom or school variables that would certainly have influenced a student’s 
learning.  This likely added a lot of noise to the analysis and made finding significance for 
the variables I examined more difficult than if 2nd grade test scores were available.  
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Another issue with my research was that the effect sizes that were found were very 
small.  While adding some of the explanatory variables to the model did increase the 
Catholic school coefficient, they did not even raise it a full point, while the standard 
deviation for the Catholic school mathematics t-score was 6.1 points.  Still, the findings still 
managed to identify relationships that were significant despite all the noise, but probably 
under-estimated the real relationships due to the proxy measures as well as the missing 2 nd 
grade data.    
The missing 2nd grade data also makes it impossible to know whether a student 
changed school sectors between 1st and 3rd grade.  I was left assuming that a student who 
was in a Catholic school in 1st grade and 3rd grade did not attend a public school in the 2nd 
grade.  Again, while the missing 2nd grade information likely made it difficult to detect 
significance for many of the variables examined, the implications of this are that the 
relationships identified in this study are likely stronger than the results indicate.    
In relation to this, it should be noted that the addition of all the explanatory 
variables did not do much to increase the variation in achievement explained by the 
models.  Part of the reason for this is that most of the variation has already been explained 
with the demographic and school location and size variables (55% of within class, 76% of 
between classes, and 85% of between school variance).  In addition, we would expect that a 
large amount of the variation is due to variables not measured, as well as things that 
occurred in the second grade for which we do not have data.   
Another limitation with the dataset is that, despite the large sample size overall, 
there were not enough students in other types of private schools other than Catholic 
schools to allow for analysis of their effectiveness.  In addition, we cannot be sure if the lack 
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of interaction found between school sector and student race/ethnicity was due to a true 
non-relationship, or to the small number of non-white students in the Catholic school 
sample.    
The analysis of mathematics subscale score gains involved two limitations.  First, the 
ECLS-K does not release the exact test score items so there is no way to examine items and 
determine if they are really reform-oriented or traditional (e.g. open-ended, multiple-
choice, computation vs. problem solving) for each subscale.  Therefore, while I generally 
report the number sense and properties category as being related more to traditional 
mathematics than the other non-number categories, it is possible that the mathematics 
assessment items measure these in a reform-oriented manner (e.g. using estimation or 
focusing on conceptual understanding instead of procedural proficiency).  A second issue 
with the dataset is a mismatch between five mathematics strands (as reported in Table 1) 
and the actual math subscales.  Therefore it is impossible to determine with certainty if 
Catholic school students are in fact scoring higher in areas that are not as commonly tested.   
Another limitation relates to some of the teacher survey items, including teacher  
emphasis areas and the teacher autonomy items.  First, the response options for the 
teacher emphasis and instructional practice focus items (“a lot”, “some”, “a little”, and 
“none”) are subjective and lead to highly skewed results .  For example, on the item 
regarding teachers’ emphasis on number sense and properties, almost all teachers 
responded “a lot”, likely leaving a substantial range of emphasis within this response 
category unmeasured.  Second, teachers of black and Hispanic students reported more 
frequent use of all teaching practice items (both in traditional and reform-oriented 
categories) as compared to teachers of white students.  Third, the wording for the 
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“paperwork interferes with teaching” question is rather ambiguous because a teacher who 
answers disagree could either mean that there is not much paperwork or that there is 
paperwork but that it does not interfere or may even aid them with their teaching.  More 
generally, the fact that many of the classroom climate variables are based on teacher 
opinions makes them subject to bias.  This can lead to inconsistencies in the results as seen 
in the difference between school and classroom climate ratings.  That is, while Catholic 
school teachers rated classroom climate as more positive than public school teachers both 
before and after demographic variables were included in the model, ratings by a trained 
independent observer indicate that there is no difference in school climate (including 
attentive teachers, order in the classroom, and decorated hallways) even before accounting 
for the demographics of the school.  This might explain why none of the classroom climate 
variables were significantly related to student achievement gains in math.   
Finally, variables measuring teacher quality, education and professional 
development were only loose proxies for actual teaching knowledge.  For example, while a 
teacher’s certification type and number of hours in math workshops were available in the 
data, these do not give any indication of the quality of the programs that a teacher 
attended.  In addition findings regarding teacher certification or professional development 
may partially reflect the type of school that hires certified teachers and makes professional 
development available, and not just the influence of these factors themselves.   
Implications 
Future research needed 
Findings from this study suggest several areas where further research is needed.  
First, in order to better answer the question of whether changes in recent mathematics 
114 
assessments are in fact partially responsible for recent findings that public school students 
are outperforming Catholic school students, long term trend data such as that available 
through NAEP needs to be examined to see how students compare across decades when 
similar tests are used.  Secondly, findings indicating that the there is no difference between 
public and Catholic school students’ 5th through 8th grade test score gains need to be 
examined further to determine if this finding holds up using different data.  If this  is indeed 
the case, does it indicate an increase in the effectiveness of Catholic schools in later grades, 
or possibly a decrease in the ability of tests to identify the effects of teachers and schools on 
older students’ achievement because results are more confounded with home-related 
variables and peer effects? 
Also, results from the climate analysis suggested a disparity between the teacher 
and principal reports indicating Catholic schools have more positive climates, versus 
ratings from trained outside observers who reported no sector difference in school and 
classroom climate.  This finding needs to be examined in more detail, possibly using 
qualitative measures in order to determine if there is a difference in climate in elementary 
schools between the sectors, as well as how subjective teacher and principal’s ratings of 
climate are. 
There were several areas related to race and socioeconomic status where further 
research would be beneficial.  While examining relationships between variables, I noticed 
that there was a negative correlation between the frequency a teacher reports using math 
tests and a student’s socioeconomic status, indicating that teachers of lower -income 
children report giving more math tests.  In addition, while there was no interaction 
between school sector and socioeconomic status in relation to student test score gains, this 
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did not indicate that schools were equitable.  In fact, there was a significantly positive 
correlation between socioeconomic status and 1st through 3rd grade mathematics t-score 
gains for both sectors (public r=.085, p<.001; catholic r=.13, p<.05), and the SES coefficient 
in the models did not change with the addition of any of the class- or school-level 
explanatory variables in my study.  Further research is needed to examine what factors 
might be leading to this persistent relationship.  In addition, researchers also need to 
investigate why so little variation in student test scores is explained using the teacher - and 
school-level variables available in the dataset after the student demographics have been 
added to the model.  Is this because home related factors are really that much more 
important or are important school- and class-level factors being measured inaccurately or 
ignored?  While some home-related factors have been examined extensively, more 
qualitative research is needed to examine what it is about schools that promotes this 
relationship.  For example, could a mismatch between student identity and curriculum and 
instructional practices be leading to less student engagement for lower income or non-
white students?  This could explain why researchers have not always found that increasing 
school funding and resources leads to greater student achievement for non-mainstream 
students.  
Significance of the research 
Recent research indicates that it is time to rethink the outdated assumption that the 
average public school student is getting an inferior education and that the answer to this 
might lie in the privatization of education.  The most recent studies examining students’ 
performance on standardized tests indicate that public elementary school students actually 
score higher in math than Catholic school students with similar backgrounds, and this 
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study confirms these findings.  This is not to say that there are not many underperforming 
public schools that are poorly managed or staffed that do need to be restructured or given 
better funding.  Instead, it indicates that given similar populations, public schools can do an 
equal or better job of teaching students, at least as measured by the standardized tests, and 
the public school model itself is not necessarily flawed. 
This study examined three questions.  First, what factors differ between public and 
Catholic schools?  Second, do any differences found explain the greater mathematics test 
score gains of public school students between 1st through 3rd grade?  And third, might 
higher gains be due in part to a closer match between the public schools’ mathematics 
curriculum and the items tested?  There has been little past research examining these 
questions, and what has been done has mostly either used cross-sectional data or did not 
include adequate control variables for demographics and prior achievement (Lubienski, 
Lubienski and Crane, 2008; Noell, 1982; Raudenbush & Bryk, 1986; Shanker, 1993b).  This 
study examined these questions using recent, large-scale, longitudinal data on a 
representative sample of children in the United States, using a large list of variables 
collected from multiple sources.  While the range of grades examined may seem small, this 
is a critical timeframe to understand because past research using the ECLS-K as well as 
results from the 8th grade analysis conducted as part of this study indicate that any relative 
achievement gains made by public schools in these early years tend to hold steady through 
the 8th grade.  These findings are not inconsistent with Carbonaro’s (2006) analysis of the 
Kindergarten ECLS-K data where he found that sector differences in student gains from fall 
through spring were either insignificant or favored public school students.  Results of this 
analysis indicate that part of the explanation for the greater mathematics gains  between 1st 
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and 3rd grades is in fact the reform-oriented curriculum and instructional practices that are 
more prevalent in public schools than in private schools as well as the fact that public 
schools have greater proportions of certified teachers than Catholic schools. 
These findings have significant implications and inform current debates regarding 
the importance of teacher certification and the best way to teach mathematics.  Current 
consensus from schools of education is that recent reform-oriented practices and 
curriculum lead to better student learning and that teacher certification programs are 
important in teaching these (Hiebert, 1999).  Still some practitioners, parents, 
policymakers and even researchers disagree and believe that teacher certification 
programs are not effective and/or that a traditional mathematics curriculum leads to better 
student learning (Garelick, 2005; Klein, 2007; Schoen, 1999; Schoenfeld, 2004).  This study 
provides large-scale, nationally representative evidence to inform these debates about 
teaching and teacher education.    
More fundamentally, this study challenges several basic tenants of Public Choice 
Theory.  Part of the rationale of Public Choice Theorists promoting school choice is that 
private schools benefit from having the autonomy to hire whom they want and to teach 
what they want.   
Public Choice theorists argue that public schools are bogged down in bureaucracy 
and lack accountability to consumers, and tend to argue that privatization of education is 
key to improving student performance (Chubb & Moe, 1990; Friedman, 1955).  It appears 
that this argument may be flawed because some of the regulation in public schools that 
affects teacher quality, such as certification and required ongoing professional 
development, may in fact be related to greater test score gains in mathematics, at least 
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between 1st and 3rd grades.  While increased test scores are only one indication of how 
much is learned, and findings might be due to a closer match between the curriculum 
taught in public schools and the content of the tests, achieving higher scores on today’s 
standardized tests is important to students, schools and policy makers.  Students are often 
placed in ability tracks, or even granted or denied admission to high schools and colleges 
based largely on test scores, and schools are often judged and sanctioned based on these 
types of tests.   
Also, while Milton Friedman and Gary Becker argue that choice and competition 
would induce a faster rate of innovation into curriculum and teaching (Lubienski, 2003), it 
appears that public elementary schools actually employ more innovative, or at least recent, 
methods, while Catholic schools tend to use relatively traditional methods.  In addition, 
many of the areas in which Catholic schools are thought to excel, including parental 
involvement and school climate, are either due to student composition rather than school 
sector or with the few that are related to school sector, there was no evidence that those 
factors are related to student mathematics test score gains.  While there are many valid 
concerns about high stakes testing, the accountability that public schools have when it 
comes to test scores might have made them quicker to adopt more effective mathematics 
instructional practices, such as those recommended by the NCTM (1989; 1991; 2000). 
These results do not indicate that public schools are fine and that improvements are 
not necessary.  In fact, several of the findings point to disparities between schools serving 
different school populations, as well as disparities in student performance by 
race/ethnicity and SES.  Additionally, these results do not indicate that Catholic schools do 
not serve parents or students well.  There are many reasons that parents send their 
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children to Catholic schools, and test scores might only be one of them.  If parents want 
religious training, back-to-the-basics curriculum, or possibly discipline and life skills, they 
might be finding what they want in Catholic schools.  However, if the goal is for students to 
learn mathematics content that is currently emphasized on tests and is considered 
important by experts in the field, then parents and policy makers may want to rethink their 
assumptions regarding school quality. 
The current findings stand in contrast to theories that idealize the benefits of 
Catholic schools and their autonomy while condemning public school bureaucracy.  In fact, 
these findings suggest that public school students outscore their Catholic school peers 
partially because of—not in spite of—the bureaucratic regulations of the public schools, 
including requirements for teacher certification, ongoing professional development, and 
curricular standards that reflect the current expertise in the field.  This study points to a 
need for policy-makers to rethink their negative view of publicly governed school systems 
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Figure 1.  Catholic school effects on math score, by model and wave.  From Reardon, 




Number Sense, Properties, and Operations - This refers to children’s understanding of 
numbers (whole numbers, fractions, decimals, and integers), operations, and estimation, 
and their application to real-world situations. Children are expected to demonstrate an 
understanding of numerical relationships as expressed in ratios, proportions, and 
percentages. This strand also includes understanding properties of numbers and 
operations, ability to generalize from numerical patterns, and verifying results.  
Measurement- Measurement skills include choosing a measurement unit, comparing the 
unit to the measurement object, and reporting the results of a measurement task. It 
includes items assessing children’s understanding of concepts of time, money, temperature, 
length, perimeter, area, mass, and weight. 
Geometry and Spatial Sense - Skills included in this content area extend from simple 
identification of geometric shapes to transformations and combinations of those shapes. 
The emphasis of the ECLS–K is on informal constructions rather than the traditional formal 
proofs that are usually taught in later grades. 
Data Analysis, Statistics, and Probability - This includes the skills of collecting, organizing, 
reading, and representing data. Children are asked to describe patterns in the data, or 
making inferences or drawing conclusions based on the data. Probability refers to making 
judgments about the likelihood of something occurring based on information collected on 
past occurrences of the event in question. Students answer questions about chance 
situations, such as the likelihood of selecting a marble of a particular color in a blind draw 
when the numbers of marbles of different colors are known. 
Patterns, Algebra, and Functions - Consistent with the NCTM kindergarten to fourth-grade 
curriculum standards, the ECLS–K framework groups pattern recognition together with 
algebra and functions. Patterns refer to the ability to recognize, create, explain, generalize, 
and extend patterns and sequences. In the kindergarten test, the items included in this 
category entirely consist of pattern recognition items. As one moves up to the subsequent 
grades, algebra and function items are added. Algebra refers to the techniques of 
identifying solutions to equations with one or more missing pieces or variables. This 
includes representing quantities and simple relationships among variables in graphical 
terms. It should be noted that while pattern recognition is relatively heavily emphasized in 
kindergarten and even first-grade classrooms, the proposed framework tends to de-
emphasize the assessment allocation since it is not clear what to expect with reference to 
longitudinal trends in this skill area. 
  










Teacher Instructional focus   K 1 3 5 8 
Number sense and properties,   50 50 40 40 20 
Measurement,     15 14 20 20 15  
Geometry and spatial relations,   5 10 15 15 20  
Data analysis, statistics and probability 10 10 10 10 15 





Descriptive Statistics for Student-level Data (n=11,860)  
Variable Minimum Maximum Mean Std Dev  
3rd Grade math t-score 14.93 83.86 49.88 9.96 
1st Grade math t-score 2.40 77.59 49.95 9.79 
3rd Grade SES measure (continuous)  -2.49 2.58 -0.16 0.77 
Gender is male (1=male, 0=female)  0.00 1.00 0.52 0.50 
Child is White (1=white, 0=non-white) 0.00 1.00 0.57 0.49 
Child is Hispanic (1=Hispanic, 0=non-
Hispanic) 
0.00 1.00 0.20 0.40 
Child is Asian (1=Asian, 0=non-Asian) 0.00 1.00 0.03 0.16 
Child is Other Race (1=other race, 0= not   
other race) 
0.00 1.00 0.05 0.21 
Age at assessment (1=<105, 2=105-
<108, 3=108-<111, 4=111-<114, 
5=114-<117, 6=117+)  
1.00 6.00 3.49 1.42 
Learning problem diagnosed (1=yes, 
0=no) 
0.00 1.00 0.07 0.26 
Probability add/subtract 0.04 1.00 0.96 0.11 
Probability multiply/divide 0.00 1.00 0.75 0.33 
Probability place value 0.00 1.00 0.39 0.39 






Descriptive Statistics for Class-level Data (n=4,911)  
Variable Min Max Mean Std Dev  
Class Demographics     
Percentage of students with disabilities  0.00 1.00 0.11 0.12 
Curriculum & Instruction     
Total class enrollment 1.00 46.00 20.95 3.45 
Desks facing front (1=yes, 0=no)  0.00 1.00 0.18 0.33 
Number of computers per child 0.00 3.00 0.15 0.13 
Never or hardly ever use calculators (1=true, 0=false)  0.00 1.00 0.45 0.43 
Traditional composite – mean of tests, worksheets, textbooks 
(1=never or hardly ever, 2=once or twice a month, 3=once or 
twice a week, 4=almost every day) 
1.00 4.00 3.10 0.44 
Reform composite  – mean of discuss probs, talk math, real 
life, write solu, inst, manip, groups, projects (1=never or 
hardly ever, 2=once or twice a month, 3=once or twice a 
week, 4=almost every day)  
1.00 4.00 2.69 0.49 
Parental involvement     
% of parents who attend conferences (1=none, 2=1-25%, 
3=26-50%, 4=51-75%, 5=76%+) 
1.00 5.00 4.30 0.90 
At least one parent volunteers regularly (1=yes, 0=no)  0.00 1.00 0.80 0.34 
% of parents who attend other school activities (1=none, 2=1 -
25%, 3=26-50%, 4=51-75%, 5=76%+) 
1.00 5.00 3.38 0.99 
Parents support school staff (1=agree or strongly agree, 
0=disagree or neutral) 
0.00 1.00 0.70 0.40 
Professional Development     
Time in math workshop (0=none, 1=1-3 hours, 2=4-8 hours, 
3=9+ hours) 
0.00 3.00 1.45 0.97 
Climate     
Administrator support composite 1.00 5.00 3.92 0.76 




Table 3 (continued)     
Variable Min Max Mean Std Dev  
Teacher satisfaction composite 1.00 5.00 4.25 0.58 
Staff support composite 1.00 5.00 4.19 0.55 
Teacher Autonomy      
Paperwork interferes with teaching (1=strongly disagree, 
2=disagree, 3=neither agree nor disagree, 4=agree, 
5=strongly agree 
1.00 5.00 3.40 0.96 
How much teacher controls curriculum (1=no control, 
2=slight control, 3=some control, 4=moderate control, 5=a 
great deal of control)  
1.00 5.00 4.18 0.82 
Job securi ty is based on state/local tests (1=strongly disagree, 
2=disagree, 3=neither agree nor disagree, 4=agree, 
5=strongly agree 
1.00 5.00 2.28 0.95 
Teacher Characteristics     
Bachelor's degree or less (1=yes, 0=no)  0.00 1.00 0.26 0.38 
Beyond Master's degree (1=yes, 0=no) 0.00 1.00 0.08 0.23 
Temporary or Alternative Certification (1=yes, 0=no) 0.00 1.00 0.09 0.25 
No Certification (1=yes, 0=no)  0.00 1.00 0.03 0.09 
3 years teaching experience or less (1=yes, 0=no)  0.00 1.00 0.15 0.31 
25+ years teaching experience (1=yes, 0=no)  0.00 1.00 0.22 0.36 
Curriculum Focus      
Frequency numbers and operations (1=none, 2=a little, 
3=some, 4=a lot)  
2.00 4.00 3.96 0.20 
Frequency measurement (1=none, 2=a little, 3=some, 4=a lot)  1.00 4.00 3.17 0.62 
Frequency geometry (1=none, 2=a littl e, 3=some, 4=a lot)  1.00 4.00 3.03 0.64 
Frequency data analysis (1=none, 2=a little, 3=some, 4=a lot)  1.00 4.00 2.92 0.76 
Frequency algebra and functions (1=none, 2=a little, 3=some, 
4=a lot) 





Descriptive Statistics for School-level Data (n=1,972)  
Variable Min Max Mean Std Dev  
School Descriptors and Demographics      
Catholic school (1=Catholic, 0=public)  0.00 1.00 0.09 0.28 
Mid-Size city location (1=yes, 0=no)  0.00 1.00 0.21 0.41 
Large suburb location (1=yes, 0=no)  0.00 1.00 0.30 0.46 
Mid-size suburb location (1=yes, 0=no)  0.00 1.00 0.08 0.27 
Small or large town location (1=yes, 0=no)  0.00 1.00 0.07 0.25 
Rural location (1=yes, 0=no)  0.00 1.00 0.09 0.29 
Small school (1=< 150 students, 0=150 students or more)  0.00 1.00 0.04 0.18 
Large school (1=750 students or more, 0=<750 students)  0.00 1.00 0.18 0.38 
Free- + reduced-price lunch eligibl e student percentage 0.00 1.00 0.43 0.29 
Percent average daily attendance (1=<90%, 2=90%-<92%, 
3=92%-<94%, 4=94%-<96%, 5=96-<98%, 6=98% +)  
1.00 6.00 4.29 0.99 
Building Characteristics     
Schools percent capacity  -0.96 2.00 -0.09 0.20 
Classrooms meet needs (0=not always adequate, 1=always 
adequate) 
0.00 1.00 0.61 0.43 
School Climate     
Security composite (0=neither security measures, .5=1 
security measure, 1=2 security measures)  
0.00 1.00 0.11 0.25 
School climate composite (high is good)  1.67 4.00 3.71 0.37 
















Student-level variables      
SES missing 11,860 1.74%  0.85%  1.79%  
Learning problem diagnosed missing 11,860 2.15%  0.90%  2.23& 
Class-level variables      
Percentage of students with disabilities  4911 26.72%  15.07%  27.40%  
Total enrollment  4911 30.34%  18.38%  31.04%  
Desks facing front  4911 25.86%  15.44%  26.47%  
Number of computers per child  4911 30.38%  17.65%  31.13%  
Never or hardly ever use calculators  4911 25.58%  13.97%  26.26%  
Traditional composite 4911 25.07%  13.24%  25.76%  
Reform composite  4911 25.31%  13.24%  26.02%  
% of parents who attend conferences  4911 25.33%  13.60%  26.02%  
At least one parent volunteers regularly 4911 25.45%  13.97%  26.13%  
% of parents who attend other school activities  4911 25.78%  13.24%  26.51%  
Parents support school staff  4911 25.74%  13.60%  26.45%  
Time in math workshop 4911 30.75%  17.65%  31.52%  
Administrator support composite 4911 25.31%  13.24%  26.02%  
Student misbehavior composite 4911 25.01%  12.87%  25.72%  
Teacher satisfaction composite 4911 25.23%  12.87%  25.95%  
Staff support composite 4911 25.41%  13.24%  26.13%  
Paperwork interferes with teaching  4911 25.96%  14.71%  26.62%  















Job securi ty is based on state/local tests  4911 25.45%  12.87%  26.19%  
Bachelor's degree or less  4911 25.37%  13.60%  26.06%  
Beyond Master's degree  4911 25.37%  13.60%  26.06%  
Temporary or alternative certification  4911 25.66%  13.60%  26.36%  
No certification 4911 25.66%  13.60%  26.36%  
3 years teaching experience or less  4911 25.21%  12.87%  25.93%  
25 years experience or more 4911 25.21%  12.87%  25.93%  
Frequency numbers and operations  3677 25.12%  13.23%  25.82%  
Frequency measurement 3674 25.19%  13.60%  25.87%  
Frequency geometry  3672 25.23%  13.60%  25.91%  
Frequency data analysis, statistics and probability 3670 25.27%  13.97%  25.93%  
Frequency algebra and functions 3663 25.41%  13.97%  26.08%  
School-level variables      
Free- + reduced- price lunch eligible student percentage 1972 18.31%  10.47%  19.06%  
Percent average daily attendance 1972 31.54%  16.28%  33.00%  
Schools percent capacity  1972 33.98%  19.77%  35.33%  
Classrooms meet needs  1972 21.60%  9.88%  22.72%  
Security composite  1972 4.82%  2.33%  5.06%  
School climate composite  1972 8.11%  4.65%  8.44%  









Composite Alpha Coefficient 
School Security  composite (items) (1=yes, 0=no)   
Presence of security guards  
Presence of window and door bars in the school .51 
School climate composite (outside observer ratings)  
(1=strongly disagree, 5=strongly agree)   
Decorated hallways  
Attentive teachers  
Personable principal  
Helpful staff  
Order in hallways  
Order in classrooms .81 
Neighborhood climate composite (1=strongly disagree, 
5=strongly agree)  
Absence of litter or trash near the school (outside 
observer rating) 
 
Absence of graffiti near the school (outside observer 
rating) 
 
Absence of boarded up buildings near the school 
(outside observer rating) 
Absence of People congregating near the school 
(outside observer rating) 
 
Absence of substance abuse near the school 
(principal rating) 
 
Absence of gangs near the school (principal rating)  
Absence of unkempt areas near the school (principal 
rating) 
 
Absence of heavy traffic near the school (principal 
rating) 
 
Absence of violent crime near the school (principal 
rating) 
 










Traditional practices composite (math teacher ratings) 
(1=strongly disagree, 5=strongly agree)   
Frequency children take math tests  
Frequency solve math problems on worksheets  
Frequency solve math problems from textbooks .28 
 
Composite Alpha Coefficient 
Administrative support composite  (teacher 
ratings)(1=strongly disagree, 5=strongly agree)   
School administration prioritizes well   
School administration handles outside pressure  
School administration communicates vision  
School administration encourages staff .90 
Student misbehavior composite (teacher ratings) (1=strongly 
disagree, 5=strongly agree)  
Physical conflicts are a serious problem  
Bullying is a serious problem  
Child misbehavior affects teaching .79 
Teacher satisfaction composite (teacher ratings) (1=strongly 
disagree, 5=strongly agree)  
Teacher would choose teaching again  
Teacher enjoys present teaching job  
Teacher makes a difference in children’s lives .71 
  
Staff support composite (teacher ratings) (1=strongly 
disagree, 5=strongly agree)  
Staff continually learning and seeking new ideas  
Staff accept me as a colleague  




Table 6 (continued) 
Reform practices composite  (math teacher ratings) (1= 
strongly disagree, 5=strongly agree)   
Frequency discuss solutions to math problems with 
others  
Frequency talk to class about math work  
Frequency work on problems that reflect real-life 
situations  
Frequency write about how to solve a math  
problem  
Frequency use measuring instruments  
Frequency work with manipulatives  
Frequency math in groups  







Composite Alpha Coefficient 
Non-number teaching focus (teacher ratings)(1=none, 4=a 
lot)  
Frequency focus on measurement  
Frequency focus on geometry and spatial relations  
Frequency focus on data analysis, statistics and 
probability 
 
Frequency focus on algebra and functions .74 
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Table 7  
 




Statistics __T-test Results__  
Logistic Regression 
Results  
Variable Sector Mean SD t-value df B SE Wald 
Curriculum & Instruction         
Total class enrollment Public 20.84 3.25 6.16*** 282 0.07*** 0.02 12.99 
 Catholic 22.92 5.53      
Desks facing front Public 0.17 0.32 8.38*** 287 1.56*** 0.17 88.48 
 Catholic 0.40 0.45      
Number of computers per child Public 0.15 0.13 -6.80*** 4909 -6.34*** 1.04 37.23 
 Catholic 0.10 0.11      
Never or hardly ever use calculators  Public 0.44 0.43 7.63*** 301 1.29*** 0.16 67.54 
 Catholic 0.65 0.44      
Traditional composite  Public 3.10 0.44 5.20*** 4909 0.91*** 0.17 27.63 
Catholic 3.24 0.37      
Reform composite  Public 2.70 0.49 -5.84*** 297 -0.90*** 0.14 44.88 
Catholic 2.50 0.54      
Parental involvement         
% of parents who attend conferences  Public 4.27 0.90 8.69*** 325 -0.09 0.11 0.65 
Catholic 4.67 0.71      
     At least one parent volunteers regularly Public 0.80 0.35 11.90*** 378 0.40 0.39 1.03 
 Catholic 0.95 0.20      
% of parents who attend other school 
activities  
Public 3.33 0.98 14.45*** 4909 0.32*** 0.08 16.66 
Catholic 4.21 0.92      
Parents support school staff  Public 0.69 0.40 10.19*** 331 0.42 0.24 3.06 
Catholic 0.88 0.30      
                       (continued) 
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Table 7 (continued) 
  
  
     
  
Descriptive 
Statistics __T-test Results__  
Logistic Regression 
Results  
Variable Sector Mean SD t-value df B SE Wald 
Professional Development         
Time in math workshop  Public 1.47 0.97 -7.09*** 4909 -0.40*** 0.07 29.56 
Catholic 1.04 0.94      
Climate         
Administrator support composite Public 3.91 0.76 4.93*** 4909 0.30** 0.10 9.15 
 Catholic 4.14 0.67      
Student misbehavior composite Public 2.31 0.78 -12.49*** 333 -0.32**  0.11 8.66 
 Catholic 1.86 0.57      
Teacher satisfaction composite Public 4.23 0.58 7.51*** 4909 0.65*** 0.14 22.02 
 Catholic 4.50 0.51      
Staff support composite Public 4.18 0.55 5.75*** 4909 0.38** 0.14 7.68 
 Catholic 4.38 0.49      
Teacher Autonomy          
Paperwork interferes with teaching Public 3.45 0.94 -14.95*** 4909 -0.77*** 0.07 107.69 
 Catholic 2.58 0.85      
How much teacher controls curriculum  Public 4.16 0.82 11.42*** 332 0.67*** 0.11 35.40 
 Catholic 4.60 0.61      
Job securi ty is based on state/local tests  Public 2.31 0.95 -9.78*** 4909 -0.40*** 0.09 21.06 
 Catholic 1.73 0.81      
Teacher Characteristics         
Bachelor's degree or less  Public 0.25 0.37 5.33*** 292 1.33*** 0.16 66.40 
 Catholic 0.40 0.46      
Beyond Master's degree Public 0.08 0.23 -5.65*** 357 -1.65**  0.48 11.85 
 Catholic 0.03 0.15      
                       (continued) 
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Table 7 (continued) 
 
   
     
  
Descriptive 
Statistics __T-test Results__  
Logistic Regression 
Results  
Variable Sector Mean SD t-value df B SE Wald 
Temporary or alternative certification Public 0.09 0.24 2.75** 290 0.66** 0.23 8.56 
 Catholic 0.14 0.32      
No certification Public 0.03 0.00 3.95*** 273 5.06*** 0.78 41.88 
 Catholic 0.08 0.01      
3 years teaching experience or less Public 0.15 0.31 1.13 295 0.33 0.20 2.65 
 Catholic 0.18 0.36      
25+ years teaching experience Public 0.22 0.36 -0.34 299 -0.08 0.18 0.19 






School-level Descriptive Statistics, T-test Results and Logistic Regression Results:  
Catholic n=172, Public n=1,800 
  Descriptive Statistics T-test Resul ts __Logistic Regression Results___  
Variable Sector Mean SD t-value df B SE Wald 
School Descriptors and 
Demographics 
        
Mid-Size city location  Public 0.21 0.41 0.41 1970 0.61** 0.22 7.40 
 Catholic 0.23 0.42      
Large suburb location  Public 0.29 0.46 0.87 1970 -0.83*** 0.19 18.37 
 Catholic 0.33 0.47      
Mid-size suburb location Public 0.08 0.28 -1.76 225 -0.40 0.37 1.13 
 Catholic 0.05 0.22      
Small or large town location  Public 0.06 0.25 1.02 196 0.91** 0.34 7.21 
 Catholic 0.09 0.28      
Rural location Public 0.10 0.30 -2.41*  232 -0.64 0.37 2.99 
 Catholic 0.05 0.22      
Small school (< 150 students)  Public 0.03 0.17 2.16*  185 1.56*** 0.38 16.54 
Catholic 0.08 0.27      
Large school (750 students or 
more) 
Public 0.19 0.39 -7.78*** 300 -1.41*** 0.38 13.63 
Catholic 0.05 0.21      
Free- + reduced- price lunch 
eligible student percentage 
Public 0.46 0.28 -21.05*** 234 CONTROLLED FOR  
Catholic 0.10 0.21      
Percent average daily attendance  Public 4.26 0.95 3.66*** 190 0.12 0.09 2.03 
Catholic 4.63 1.27      
(continued)   
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Table 8 (continued) 
  Descriptive Statistics T-test Resul ts __Logistic Regression Results___  
Variable Sector Mean SD t-value df B SE Wald 
Building Characteristics         
School’s percent capacity  Public -0.08 0.19 -3.12**  190 -1.92**  0.59 10.81 
 Catholic -0.15 0.26      
Classrooms meet needs  Public 0.60 0.43 4.21*** 1970 0.39 0.21 3.40 
Catholic 0.74 0.41      
School Climate         
Security composite  Public 0.11 0.26 -3.29**  249 0.77 0.48 2.55 
 Catholic 0.06 0.18      
School climate composite  Public 3.71 0.37 1.78 1970 -0.23 0.28 0.68 
 Catholic 3.76 0.32      
Neighborhood climate composite  Public 3.23 0.50 -0.68 221 -1.15*** 0.26 20.42 





HLM Results Part 1 – Models 1-6: 1972 Schools, 4911 Classrooms, 11,860 Students 
 Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 


















Intercept 49.38*** 49.30*** 50.37*** 48.00*** 48.29*** 48.49*** 
    SCHOOL-LEVEL       
Catholic School  1.88*  -1.07*  -2.08*** -2.18*** -2.81*** 
      Standard Error  0.84 0.49 0.41 0.41 0.45 
Mid-City (all compared to large city)     0.10 0.11 
Large Suburb     0.03 -0.15 
Mid Suburb     -0.34 -0.44 
Small Town     -1.06 -0.98 
Rural     -0.73 -0.83 
Small School      -1.46 -1.46 
Large School     -0.77*  -0.79*  
% Free/reduced price lunch eligible      -1.51** 
    CLASS-LEVEL       
% SPED      -2.25*  
    STUDENT-LEVEL       
1st Math t-score   0.79*** 0.73*** 0.73*** 0.73*** 
SES    1.52*** 1.49*** 1.42*** 
Gender - Male    1.59*** 1.59*** 1.59*** 
White    2.37*** 2.46*** 2.32*** 
Hispanic    1.73*** 1..77*** 1.75*** 
Asian    3.01*** 3.05*** 2.97*** 
Other Race    1.88*** 1.98*** 1.90*** 
Age at Assessment in Months (1-5)    -0.17** -0.16** -0.16** 
Learning problem diagnosed    -1.38*** -1.40*** -1.37*** 
VARIANCE COMPONENTS       
Level-1 51.33 51.35 24.19 23.13 23.20 23.23 
Level-2  18.73 18.74 3.90 4.47 4.53 4.58 
Level-3 35.52 35.30 10.32 6.35 5.82 5.44 
Proportion of variance within 
classroom (child effect) 
0.49 0.49 0.63 0.68 0.69 0.70 
Proportion of variance between 
classrooms within schools (class effect)  
0.18 0.18 0.10 0.13 0.14 0.14 
Proportion of variance between 
schools (school effect) 
0.34 0.33 0.27 0.19 0.17 0.16 
% of Within-Classroom Variation 
Explained   0.0% 52.9% 54.9% 54.8% 54.7% 
% of Between-Classroom Variation 
Explained   -0.1% 79.2% 76.1% 75.8% 75.5% 
% of Between-School Variation 
Explained 
 0.6% 70.9% 82.1% 83.6% 84.7% 
Deviance 86040.42 86036 75413 74617 74581 74548 
Number of parameters 4 5 6 14 21 23 
Chi-squared 0.030365 0.0304 0.0000 0.0000 0.0000 0.0000 





HLM Results Part 2 – Models 7-11: 1972 Schools, 4911 Classrooms, 11,860 Students 
 














Intercept 48.52*** 48.50*** 48.51*** 48.64*** 48.90*** 
    SCHOOL-LEVEL        
Catholic School -2.62*** -2.58*** -2.54*** -2.27*** -2.25*** 
     Standard Error 0.46 0.46 0.46 0.46 0.46 
Mid-City (all compared to large city) 0.14 0.15 0.15 0.11 0.08 
Large Suburb -0.14 -0.13 -0.13 -0.14 -0.15 
Mid Suburb -0.38 -0.37 -0.37 -0.39 -0.43 
Small Town -0.85 -0.79 -0.80 -0.88 -0.88 
Rural -0.72 -0.68 -0.66 -0.69 -0.71 
Small School  -1.32 -1.30 -1.22 -1.24 -1.11 
Large School -0.79*  -0.79*  -0.79*  -0.77* -0.88** 
% Free/reduced price lunch eligible -1.46** -1.48** -1.62** -1.57** -1.63** 
School percent capacity      0.77 
classrooms meet needs (y/n)      -0.22 
    CLASS-LEVEL      
% SPED -2.03*  -2.07*  -2.06*  -2.12* -2.11** 
Total Class Enrollment 0.03 0.03 0.03 0.03 0.02 
Desks facing front -0.45 -0.45 -0.45 -0.43 -0.42 
# computers per child 0.69 0.70 0.75 0.72 0.74 
Calculators never/hardly ever -0.04 -0.02 -0.04 -0.03 -0.03 
Traditional Composite 0.18 0.19 0.19 0.18 0.17 
Reform composite 0.52*  0.48*  0.48*  0.49* 0.49* 
Time in math workshop - recoded  0.14 0.14 0.13 0.13 
Administrator support composite   -0.02 -0.01 -0.00 
Student misbehavior composite   0.18 0.18 0.19 
Teacher Satisfaction composite   0.14 0.14 0.14 
Staff support composite   -0.18 -0.20 -0.20 
Bachelor's degree or less    -0.18 -0.17 
Beyond master's degree    -0.23 -0.23 
Temporary or alternative certification    -0.56 -0.57 
No certification    -2.59*  -2.66*  
    STUDENT-LEVEL      
1st Math t-score 0.73*** 0.73*** 0.73*** 0.73*** 0.73*** 
SES 1.42*** 1.42*** 1.42*** 1.41*** 1.41*** 
Gender - Male 1.59*** 1.59*** 1.58*** 1.58*** 1.58*** 
White 2.33*** 2.32*** 2.34*** 2.30*** 2.30*** 
Hispanic 1.75*** 1.74*** 1.76*** 1.74*** 1.74*** 
Asian 2.98*** 2.98*** 2.99*** 2.95*** 2.94*** 
Other Race 1.90*** 1.91*** 1.91*** 1.88*** 1.87*** 
Age at Assessment in Months (1-5) -0.16** -0.16** -0.16** -0.17** -0.17** 
Learning problem diagnosed -1.36*** -1.36*** -1.35*** -1.35*** -1.35*** 
          (continued) 
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Table 10 (continued) 














VARIANCE COMPONENTS      
Proportion of variance within classroom (child 
effect) 70.3% 70.4% 70.5% 70.3% 70.3% 
Proportion of variance between classrooms 
(class effect) 13.6% 13.6% 13.6% 13.5% 13.4% 
Proportion of variance between schools (school 
effect) 16.1% 16.0% 15.9% 16.2% 16.3% 
% of Within-Classroom Variation Explained 54.7% 54.6% 54.6% 54.7% 54.8% 
% of Between-Classroom Variation Explained 75.9% 76.0% 76.0% 76.2% 76.3% 
% of Between-School Variation Explained 85.0% 85.1% 85.2% 85.0% 84.8% 
Deviance 74522 74519 74512 74498 74493 
Number of parameters 29 30 34 38 40 
Chi-squared 0.0003 0.0566 0.1464 0.0083 0.0821 






HLM Results Part 3 – Models 12-15: 1972 Schools, 4911 Classrooms, 11,860 Students 
 
Variable Model 12 Model 13 Model 14 Model 15 Model 16 










Intercept 48.90*** 48.90*** 48.90*** 48.62*** 48.73*** 
    SCHOOL-LEVEL          
Catholic School -2.28*** -2.30*** -2.32*** -2.43*** -2.54*** 
     Standard Error 0.47 0.47 0.47 0.45 0.45 
Mid-City (all compared to large city) 0.09 0.09 0.09 0.09 0.23 
Large Suburb -0.14 -0.14 -0.16 -0.15 -0.12 
Mid Suburb -0.42 -0.42 -0.44 -0.39 0.00 
Small Town -0.88 -0.89 -0.90 -0.95 -0.40 
Rural -0.70 -0.72 -0.71 -0.79 -0.93*  
Small School  -1.11 -1.12 -1.12 -1.44 -0.81 
Large School -0.88** -0.88* -0.88** -0.77* -0.57 
% Free/reduced price lunch eligible -1.69** -1.62** -1.60** -1.44** -1.91** 
School percent capacity 0.76 0.76 0.74   0.83 
classrooms meet needs (y/n) -0.22 -0.22 -0.23   -0.23 
neighborhood climate composite  -0.12 -0.12 -0.13   0.09 
    CLASS-LEVEL          
% SPED -2.11** -2.11** -2.15** 2.18** -1.35 
Total Class Enrollment 0.02 0.02 0.02   0.02 
Desks facing front -0.43 -0.42 -0.40   -0.86** 
# computers per child 0.74 0.73 0.69   0.22 
Calculators never/hardly ever -0.03 -0.02 -0.02   -0.01 
Traditional Composite 0.17 0.18 0.19   0.09 
Reform composite 0.49* 0.48* 0.48* 0.57** 0.25 
% parents attend other school activities   0.08 0.07   0.03 
Time in math workshop - recoded 0.13 0.13 0.13   0.18 
Administrator support composite -0.01 -0.01 -0.01   -0.16 
Student misbehavior composite 0.18 0.20 0.21   0.25 
Teacher Satisfaction composite 0.14 0.13 0.11   0.04 
Staff support composite -0.20 -0.20 -0.22   -0.08 
Paperwork interferes with teaching     0.06   -0.06 
How much teacher controls curriculum     0.08   0.13 
Job security based on state/local tests     -0.09   0.02 
Bachelor's degree or less -0.18 -0.17 -0.15   -0.02 
Beyond master's degree -0.23 -0.22 -0.22   -0.16 
Temporary or alternative certification -0.57 -0.57 -0.55 -0.55 -0.40 
No certification -2.61* -2.61* -2.59* -2.75*  
    STUDENT-LEVEL          
1st Math t-score 0.73*** 0.73*** 0.73*** -0.73*** 0.73*** 
SES 1.41*** 1.41*** 1.41*** 1.42*** 1.39*** 
Gender - Male 1.58*** 1.58*** 1.58*** 1.58*** 1.67*** 
White 2.30*** 2.29*** 2.28*** 2.29*** 2.12*** 
Hispanic 1.74*** 1.73*** 1.73*** 1.74*** 1.77*** 
Asian 2.94*** 2.93*** 2.93*** 2.95*** 3.05*** 
Other Race 1.87*** 1.87*** 1.87*** 1.87*** 1.61*** 
Age at Assessment in Months (1-5) -0.17** -0.17** -0.17** -0.16** -0.14*  




Table 11 (continued) 
Variable Model 12 Model 13 Model 14 Model 15 Model 16 










VARIANCE COMPONENTS      
Proportion of variance within classroom (child 
effect) 70.3% 70.3% 70.4% 69.9% 
 
Proportion of variance between classrooms (class 
effect) 13.4% 13.4% 13.4% 13.5% 
 
Proportion of variance between schools (school 
effect) 16.3% 16.3% 16.3% 16.7% 
 
% of Within-Classroom Variation Explained 54.8% 54.8% 54.7% 54.8% 
 
% of Between-Classroom Variation Explained 76.3% 76.3% 76.4% 76.1%  
% of Between-School Variation Explained 84.8% 84.8% 84.9% 84.4%  
Deviance 74493 74492 74489 74517 
 
Number of parameters 41 42 45 26  
Chi-squared 1.0000 0.3173 0.3916 0.0000  





2-level HLM Interaction Term Results –1972 Schools, 11,860 Students 
Variable Model 1: Model 2 Model 3 Model 4: Model 5: 










Intercept 49.54*** 49.45*** 50.38*** 48.34*** 48.35*** 
    SCHOOL-LEVEL           
Catholic School   1.87*  -1.12*  -2.58*** -3.00** 
     Standard Error   0.84 0.49 0.43 1.05 
Small School        -1.76*  -1.76*  
Large School       -0.68*  -0.68*  
% Free/reduced price lunch eligible       -1.37** -1.37** 
    STUDENT-LEVEL           
1st Math t-score     0.79*** 0.74*** 0.74*** 
SES       1.45*** 1.45*** 
   SES X Catholic        0.02 
Gender - Male       1.54*** 1.54*** 
White       2.23*** 2.22*** 
  White X Catholic         0.43 
Hispanic       1.74*** 1.72*** 
   Hispanic X Catholic         0.74 
Asian       2.95*** 3.02*** 
   Asian X Catholic         -0.94 
Other Race       1.82** 1.78*** 
   Other Race X Catholic         1.18 
Age at Assessment in Months (1-5)       -0.17** -0.17** 
Learning problem diagnosed       -1.37*** -1.37*** 
VARIANCE COMPONENTS      
Level-1 65.44 65.46 27.38 26.72 26.72 
Intercept 40.83 40.65 11.48 7.35 7.37 
Intraclass Correlation 0.38 0.38 0.30 0.22 0.22 
Percentage of Between-school 
Variation Explained  0% 72%  82%  82%  
Percentage of Within-school Variation 
Explained  0% 58%  59%  59%  




Student-level Partial Correlations Controlling for Student SES (df=5045)  

























Add/Subtract gain 1.00*** -0.03*  -0.53*** -0.34*** -0.04*  -0.02 -0.01 -0.01 -0.04**  
Multiply/Divide gain -0.03*  1.00*** 0.19*** -0.26*** 0.01 0.02 0.03*  0.06*** 0.05*** 
Place Value gain -0.53*** 0.19*** 1.00*** 0.61*** 0.02 0.04*  0.05** 0.03*  0.06*** 
Rate & Measurement gain -0.34*** -0.26*** 0.61*** 1.00*** -0.00 0.03*  0.05*** 0.02 0.05*** 
Freq Numbers & Operations  -0.04*  0.01 0.02 -0.00 1.00*** 0.11*** 0.09*** 0.03*  0.05*** 
Freq Measurement -0.02 0.02 0.04*  0.03*  0.11*** 1.00*** 0.62*** 0.36*** 0.23*** 
Freq Geometry  -0.01 0.03*  0.05** 0.05*** 0.09*** 0.62*** 1.00*** 0.47*** 0.35*** 
Freq Data Analysis -0.01 0.06*** 0.03*  0.02 0.03*  0.36** 0.47*** 1.00*** 0.52*** 
Freq Algebra -0.04**  0.05*** 0.06*** 0.05*** 0.05*** 0.23*** 0.35*** 0.52*** 1.00*** 





Class-level Descriptive Statistics, T-test Results and OLS Regression Results: Catholic 
n=234, Public n=3,427 
 
  Descriptive Statistics ___T-test Results__  
Variable Sector Mean SD t-value 
Frequency numbers and operations  Public 3.96 0.20 -1.81 
 Catholic 3.98 0.14  
Frequency measurement Public 3.18 0.62 5.40*** 
 Catholic 2.96 0.70  
Frequency geometry and spatial relations  Public 3.05 0.63 6.78*** 
 Catholic 2.74 0.69  
Frequency data analysis, statistics and probability Public 2.93 0.76 5.57*** 
 Catholic 2.65 0.76  
Frequency algebra and functions Public 2.79 0.90 3.84*** 
 Catholic 2.54 0.94  






Student-level Descriptive Statistics, T-test Results and OLS Regression Results: 
Catholic n=10,368, Public n=1,492 
 





SD t-value df 
Student Mathematics Subscale 
Scores 
     
Add/subtract  Public 0.96 0.11 -6.31*** 540 
 Catholic 0.98 0.06   
Multiply/Divide  Public 0.75 0.33 -5.66*** 445 
 Catholic 0.83 0.26   
Place value  Public 0.38 0.39 -3.49*** 6532 
 Catholic 0.46 0.39   
Rate and measurement Public 0.14 0.27 -1.64 6532 
 Catholic 0.16 0.28   






HLM Results Teacher Focus Analysis: 1509 Schools, 3649 Classrooms 
 
Variable Frequency Non-number Mathematics Focus  Frequency Numbers and Operations Focus 
























Intercept 2.97*** 2.99*** 3.08*** 3.06*** 3.06*** 3.96*** 3.94*** 3.94*** 
    SCHOOL-LEVEL         
Catholic School  -0.24*** -0.21*** -0.18***  0.02* 0.02 0.02* 
     Standard Error  0.04 0.05 0.05  0.01 0.01 0.01 
Mid-City   -0.09* -0.07*   0.01 0.01 
Large Suburb   -0.08* -0.06   0.01 0.01 
Mid Suburb   -0.14** -0.12**   0.01 0.02 
Small Town   -0.22*** -0.17***   0.03 0.04** 
Rural   -0.17*** -0.14**   0.04** 0.04** 
Small School    -0.11 -0.12   0.00 0.00 
Large School   0.04 0.05   0.02 0.02 
% Free/reduced price lunch eligible   0.11** 0.11**   -0.01 -0.01 
    CLASS-LEVEL         
% SPED   -0.19* -0.19*   0.00 0.00 
Time in math workshop - recoded    0.07***    0.00 
Bachelor's degree or less    -0.02    -0.01 
Beyond master's degree    0.01    -0.01 
Temporary or alternative certification    0.02    -0.01 
No certification    0.02    0.00 
New teacher (3 years or less)    -0.10**    0.01 





Table 16 (continued) 
Variable Frequency Non-number Mathematics Focus  Frequency Numbers and Operations Focus 
























VARIANCE COMPONENTS         
Level-1 0.24 0.24 0.24 0.23 0.03 0.03 0.03 0.03 
Intercept 0.08 0.07 0.06 0.06 0.005 0.005 0.005 0.005 
Intraclass Correlation 0.25 0.23 0.20 0.21 0.14 0.14 0.14 0.14 
Percentage of Between-school Variation Explained   13%  25%  25%   0% 0% 0% 
Percentage of Within-school Variation Explained   0% 0% 4%  0% 0% 0% 






HLM Results Student Subscale Analysis Part 1: 1509 Schools, 3649 Classrooms, 9720 Students 
 
 Model 1a: Model 2a: Model 3a:  Model 1b: Model 2b: Model 3b: 
Variable Add/Subtract Subscale score  Multiply/Divide Subscale score 



















Intercept 0.965*** 0.963*** 0.960*** 0.75*** -0.68*** 0.68*** 
SCHOOL-LEVEL             
Catholic School  0.009* -0.013* -0.008 0.04  -0.08*** -0.07** 
Standard Error  0.005 -0.006 0.006  0.02 -0.01 0.02 
Mid-City   -0.010 -0.008   -0.00 -0.00 
Large Suburb   0.001 0.000   0.02 0.00 
Mid Suburb   -0.009 0.013*   -0.02 0.03 
Small Town   -0.017 -0.013   -0.07** -0.01 
Rural   -0.016* -0.011   -0.05 -0.06** 
Small School   0.012 0.013   -0.02 -0.05 
Large School   -0.012 -0.012   -0.13*** -0.02 
% Free/reduced price lunch eligible   -0.020* -0.022*   -0.19*** -0.14*** 
CLASS-LEVEL             
% SPED   -0.139* -0.132**   -0.19*** -0.17*** 
Frequency numbers and operations     -0.018*     -0.00 
Frequency non-number mathematics     0.019*     0.05*** 
STUDENT-LEVEL             
1st Math subscale score 0.141*** 0.132*** 0.131*** 0.43*** 0.35*** 0.35*** 
SES   0.004* 0.003*   0.06*** 0.06*** 
Gender - Male   0.004* 0.005*   0.03*** 0.03*** 
White   0.012* 0.012*   0.12*** 0.13*** 
Hispanic   0.007 0.006   0.08*** 0.08*** 
Asian   0.008 0.008   0.10*** 0.10*** 
Other Race   0.013 0.013   0.08** 0.08** 
Age at Assessment in Months (1-5)   -0.002 -0.002   0.00 0.00 
Learning problem diagnosed   -0.012* -0.012*   -0.14*** -0.14*** 





HLM Results Student Subscale Analysis Part 2: 1509 Schools, 3649 Classrooms, 9720 Students 
 
  Model 1c: Model 2c: Model 3c:  Model 1d: Model 2d Model 3d: 
Variable Place Value Subscale score  Rate & Measurement Subscale score 



















Intercept 0.39*** 0.29*** 0.29***  0.14*** 0.10*** 0.10*** 
    SCHOOL-LEVEL              
Catholic School 0.05  -0.12*** -0.11***  0.00  -0.09*** -0.09*** 
     Standard Error  0.04 0.03 0.03   0.02 0.02 0.02 
Mid-City    -0.02 -0.02    -0.03 -0.03 
Large Suburb   0.01 0.01    -0.01 -0.01 
Mid Suburb   -0.02 -0.02    -0.03 -0.02 
Small Town   -0.05* -0.05*    -0.04** -0.04** 
Rural   -0.07** -0.07**    -0.05** -0.05** 
Small School    -0.03 -0.03    -0.02 -0.02 
Large School   -0.03 -0.03*    -0.01 -0.01 
% Free/reduced price lunch eligible   -0.11*** -0.11***    -0.07*** -0.07*** 
    CLASS-LEVEL              
% SPED   -0.17*** -0.16***    -0.08** -0.07* 
Frequency numbers and operations     0.02      -0.02 
Frequency non-number mathematics     0.03**      0.02** 
    STUDENT-LEVEL              
1st Math subscale score 1.08*** 0.82*** 0.82***  2.88*** 2.42*** 2.43*** 
SES   0.14*** 0.14***    0.10*** 0.10*** 
Gender - Male   0.08*** 0.08***    0.07*** 0.07*** 
White   0.17*** 0.17***    0.08*** 0.08*** 
Hispanic   0.09*** 0.09***    0.05*** 0.05*** 
Asian   0.17*** 0.17***    0.09*** 0.09*** 
Other Race   0.07** 0.07**    0.04* 0.04* 
Age at Assessment in Months (1-5)   0.02*** 0.02***    0.01*** 0.01*** 
Learning problem diagnosed   -0.17*** -0.17***    -0.08*** -0.08*** 





HLM Results With Teacher Focus: 1509 Schools, 3649 Classrooms, 9720 Students 
 
























Intercept 50.95*** 49.22*** 49.11*** 49.21*** 49.16*** 49.16*** 49.17*** 49.17*** 
    SCHOOL-LEVEL                 
Catholic School -1.10* -2.97*** -2.80*** -2.96*** -2.91*** -2.84*** -2.89*** -2.91*** 
     Standard Error 0.50 0.48 0.47 0.48 0.48 0.48 0.48 0.47 
Mid-City (all compared to large city)   -0.17 -0.12 -0.16 -0.14 -0.16 -0.17 -0.13 
Large Suburb   -0.42 -0.36 -0.41 0.37 -0.39 -0.40 -0.40 
Mid Suburb   -0.55 -0.44 -0.54 -0.49 -0.48 -0.47 -0.53 
Small Town   -1.66** -1.51* -1.64** -1.62** -1.58** -1.61** -1.56** 
Rural   -1.29* -1.14* -1.28* -1.23* -1.21* -1.21 -1.22* 
Small School    -1.26 -1.24 -1.25 -1.26 -1.27 -1.26 -1.23 
Large School   -0.70 -0.70 -0.70 -0.68 -0.69 -0.72* -0.69 
% Free/reduced price lunch eligible   -1.91** -1.99** -1.91** -1.95** -1.93** -1.96** -1.95** 
    CLASS-LEVEL                 
% SPED   -2.11* -1.91* -2.11* -2.00* -1.98* -2.04* -2.01* 
Frequency numbers and operations     -0.61 -0.42         
Frequency measurement         0.37*       
Frequncy geometry and spatial relations           0.40*     
Frequency data analysis, statistics and 
probability 
            0.40**   
Frequency algebra and functions               0.31* 
Frequency non-number combined     0.68**           
               (continued) 
151 
 
Table 19 (continued) 
























    STUDENT-LEVEL                 
1st Math subscale score 0.80*** 0.73*** 0.73*** 0.73*** 0.73*** 0.73*** 0.73*** 0.73*** 
SES   1.40*** 1.40*** 1.40*** 1.40*** 1.40*** 1.40*** 1.40*** 
Gender - Male   1.73*** 1.74*** 1.73*** 1.74*** 1.74*** 1.73*** 1.73*** 
White   2.28*** 2.30*** 2.28*** 2.28*** 2.29*** 2.30*** 2.29*** 
Hispanic   1.75*** 1.71*** 1.75*** 1.74*** 1.73*** 1.75*** 1.73*** 
Asian   2.53*** 2.54*** 2.53*** 2.53*** 2.53*** 2.55*** 2.53*** 
Other Race   1.76** 1.76** 1.76** 1.75** 1.76** 1.76** 1.75** 
Age at Assessment in Months (1-5)   -0.14* -0.14* -0.14* -0.14* -0.14* -0.14* -0.14* 
Learning problem diagnosed   -1.41*** -1.40*** -1.42*** -1.41*** -1.41*** -1.41*** -1.39*** 
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